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Foreword 


THE  rapid  advances  made  in  recent  years  in  the  field  of 
Mechanical  Engineering,  as  seen  in  the  evolution  of 
improved  types  of  machinery,  new  mechanical  processes 
and  methods,  and  even  new  materials  of  workmanship,  have 
created  a  distinct  necessity  for  an  authoritative  work  of  general 
reference  embodying  the  accumulated  results  of  modern  ex- 
perience and  the  latest  approved  practice.  The  Cyclopedia  of 
Mechanical  Engineering  is  designed  to  fill  this  acknowledged 
need. 

C,  The  aim  of  the  publishers  has  been  to  create  a  work  which, 
while  adequate  to  meet  all  demands  of  the  technically  trained 
expert,  will  appeal  equally  to  the  self-taught  practical  man, 
who.  as  a  result  of  the  unavoidable  conditions  of  his  environ- 
ment, may  be  denied  the  advantages  of  training  at  a  resident 
technical  school.  The  Cyclopedia  not  only  covers  the  funda- 
mentals that  underlie  all  mechanical  engineering,  but  places  the 
reader  in  direct  contact  with  the  experience  of  teachers  fresh 
from  practical  work,  thus  putting  him  abreast  of  the  latest 
progress  and  furnishing  him  that  adjustment  to  advanced  modern 
needs  and  conditions  which  is  a  necessity  even  to  the  technical 
graduate. 

C,  The  Cyclopedia  of  Mechanical  Engineering  is  based  upon  the 
method  which  the  American  School  of  Correspondence  has  de- 
veloped and  successfully  used  for  many  years  in  teaching  the 
principles  and  practice  of  engineering  in  its  ditferent  branches. 
It  is  a  compilation  of  representative  Instruction  Books  of  the 


School,  and  forms  a  simple,  practical,  concise,  and  convenient 
reference  work  for  the  shop,  the  library,  the  school,  and  the  home. 

CThe  success  which  the  American  School  of  Correspondence 
has  attained  as  a  factor  in  the  m.achinery  of  modern  technical 
and  scientific  education,  is  in  itself  the  best  possible  guarantee 
for  the  present  work.  Therefore,  while  these  volumes  are  a 
marked  innovation  in  technical  literature— representing,  as  they 
do,  the  best  ideas  and  methods  of  a  large  number  of  different 
authors,  each  an  acknowledged  authority  in  his  work— they  are 
by  no  means  an  experiment,  but  are  in  fact  based  on  what  has 
proved  itself  to  be  the  most  successful  method  yet  devised  for 
the  education  of  the  busy  workingman.  They  have  been  pre- 
pared only  after  the  most  careful  study  of  modern  needs  as 
developed  under  the  conditions  of  actual  practice  in  the  Machine 
Shop,  the  Engine  Room,  the  Drafting  Room,  the  Factory,  etc. 
The  formulae  of  the  higher  mathematics  have  been  avoided  as 
far  as  possible,  and  every  care  exercised  to  elucidate  the  text 
by  abundant  and  appropriate  illustrations. 

C,  Numerous  examples  for  practice  are  inserted  at  intervals ; 
these,  with  the  test  questions,  help  the  reader  to  fix  in  mind 
the  essential  points,  thus  combining  the  advantages  of  a  text- 
book with  those  of  a  reference  work. 

C.  Grateful  acknowledgment  is  due  the  corps  of  editors  and 
authors— engineers  and  designers  of  Vvide  practical  experience, 
and  teachers  of  well-recognized  ability— without  whose  co-oper- 
ation this  work  would  have  been  impossible. 
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PATTERN   MAKING, 

PART  I. 


Pattern  Making  dates  back  to  the  time  -when  the  first  article 
was  made  from  molten  metal  for  the  use  of  man.  The  pattern 
must  precede  the  making  of  its  metal  counterpart,  and  is  therefore 
the  first  subject  to  be  treated  in  the  working  of  metal. 

Qualifications  of  the  Pattern  Maker.  The  pattern  maker  is 
essentially  a  worker  in  wood,  though,  where  many  castings  are  to 
be  made  from  the  same  pattern,  the  final  or  working  jjattern  is  made 
of  metal.  These  metal  patterns  are  very  serviceabk?,  and  leave  the 
sand  more  easily  and  cleanly  than  those  made  of  wood.  Metal 
patterns  are  always  necessary  when  the  work  is  of  a  delicate  or 
very  light  character.  In  all  such  cases,  however,  the  first  pattern 
— from  which  the  metal  pattern  is  to  be  moulded — is  made  of  wood, 
allowance  being  made  for  double  shrinkage,  and,  when  necessary, 
for  double  finish.  The  necessity  for  this  will  be  clearly  explained 
farther  on. 

The  pattern  maker  should  possess  a  practical  knowledge  of 
the  properties  of  metals.  First  of  all,  he  must  understand  the 
shrinkage  of  metals,  that  is  to  say,  how  much  smaller  the  cold 
casting  will  be  than  the  molten  mass  as  it  flows  into  the  mould; 
he  should  know  what  the  strength  of  the  metal  is;  he  should  be 
familiar  with  the  relative  rapidity  of  cooling,  so  that  internal 
stresses  in  the  body  of  the  completed  casting  may  be  avoided 
as  much  as  possible;  he  also  should  know  enough  about  the 
practical  work  of  the  moulder  to  decide  uxoon  the  peculiarities  of 
construction  of  the  pattern  for  any  given  piece;  and  he  must  be 
sufficiently  skilled  as  a  draftsman  to  lay  out,  without  the  assistance 
of  the  designer,  the  drawings  of  the  piece  to  be  made.  It  is  very 
true,  however,  that  there  are  many  good  pattern  makers  who  do  not 
IxDssess  all  of  these  qualifications. 

The  last-mentioned  cjualification  is  one  of  the  most  important. 
The  drawings  furnished  the  pattern  maker  are  usually  on  a 
small  scale. 

In  order  to  work  to  the  best  advantage,  he  must  reproduce  a 
part  or  all  of  them  at  full  size,  as  working  drawings.     To  do  this  lu 
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such  a  way  that  the  lines  and  curves  of  the  finished  jpattern  shall 
be  graceful  and  artistic  in  appearance,  will  recpiire  the  same  nicety 
and  precision  of  workmanship  that  are  demanded  in  the  drafting 
room,  and  it  is  essential  that  the  pattern  maker  have  the  sanu' 
complete  knowledge  of  the  principles  involved.  To  the  extent, 
then,  of  being  able,  when  necessary,  to  make  a  full-sized  drawing 
of  the  article  to  be  made,  th(;  pattern  maker  must  be  a  draftsman. 

In  large  establishments,  where  all  the  work  comes  to  the 
pattern  shop  in  the  form  of  carefully  executed  drawings,  the 
l^attern  maker  is  the  means  of  putting  the  ideas  of  others  iiito 
tangible  shape.  In  smaller  i^laces,  where  no  draftsman  is  employed, 
the  pattern  maker  will  be  called  upon  to  work  out  the  designs  for 
which  he  is  to  make  his  patterns,  and  he  thus  becomes  the  real 
designer. 

Finally,  the  pattern  uuiker  is  seldom  required  to  make  two 
patterns  that  are  identically  the  same.  His  work,  therefore,  is 
varied,  and  he  must  be  prepared  to  apply  to  the  solution  of  new 
problems  that  arise  such  princixDles  as  he  may  already  have  learned. 

Materials  for  Patterns.  As  ijatterns  are  subjected  to  more 
or  less  rough  usage,  and  are  alternately  wet  and  dry,  it  follows  that 
the  ideal  material  is  one  whose  hardness  is  such  that  it  will  with- 
stand the  wear  and  tear  of  handling  and  at  the  same  time  be 
impervious  to  the  effects  of  moisture.  Such  material  is  to  be 
found  in  the  metals,  but,  as  the  cost  of  working  these  into  the 
proper  shape  is  considerable,  some  kind  of  wood  is  usually  substi- 
tuted. 

Kind  of  Wood  Used.  If,  then,  wood  is  to  be  used,  another 
qualification  is  to  be  added— namely,  it  should  be  easily  worked. 
The  best  wood  for  the  purpose  is  undoubtedly  white  pine.  Car(> 
should  be  exercised  in  the  insxaection  of  the  wood,  to  see  that  it  is 
clear,  straight=grained,  and  free  from  knots. 

The  straightness  of  the  grain  can  be  determined  by  th* 
appearance  of  the  sawn  face.  This  should  present  an  even  rough- 
ness over  the  whole  surface.  The  wood  should  be  seasoned  in  the 
open  air,  but  preferably  sheltered  by  a  roof,  and  should  be  piled  so 
that  the  air  will  have  free  access  to  all  parts  of  the  plank.  In  th(^ 
natural  process  of  air  drying,  the  moisture  slowly  works  out  to  the 
surface  and  evaporates  until  the  wood  is  dry  or  "seasoned."     Such 
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stock  is  firnicr,  stronger,  more  elastic,  jind  less  affected  by  heat  and 
cold  and  l\v  moisture  and  dryness,  than  kiln-dried  lumber.  In 
kiln  drying,  the  outside  surfaces  and  ends  of  the  lx)ards  are  dried 
more  rapidly  than  the  inside,  ^jroduciiig  strains  that  cause  the 
wood  to  bend  and  wdrp  while  the  pattern  is  in  the  process  of  con- 
stniction.  For  this  reason  it  is  better  to  "build  up"'  the  larger 
pieces  of  a  pattern  by  gluing  together  three  or  more  {never  (wo) 
pieces  of  thinner  stock.  When  the  patterns  are  of  moderate  size 
the  stock  to  be  glued  may  vary  from  |  inch  to  1  inch  or  even  1^ 
inches  in  thickness,  in  i3roportion  to  the  size  required.  Stock  of  2 
inches  thickness  or  over  can  seldom  be  found  sufficiently  seasoned; 
and,  if  forced  by  kiln-drying,  it  -vrill  be  checked  and  strained  to  an 
extent  that  will  render  it  useless  for  pattern  work. 

"While  pine  is  in  general  the  ideal  wood  for  pattern  work,  it  is 
soft  and  weak,  so  that,  if  small  and  strong  patterns  are  desired,  a 
harder  wood  is  usually  employed.  Mahogany  is  much  nsed  for 
this  j)urpose.  Like  pine,  it  is  not  liable  to  warp,  and,  when  straight- 
grained,  it  is  worked  with  comparative  ease=  There  are  many 
varieties  of  this  beautiful  wood,  varying  greatly  in  firmness  of 
texture.  The  soft  bay  wood,  often  sold  as  genuine  mahogany, 
should  be  avoided  for  patterns,  being  but  little  harder  than  pine. 
Cherry  is  also  extensively  nsed,  but  is  not  so  easily  worked  to  a 
smooth  surface  as  mahogany,  and  is  more  liable  than  the  latter  to 
warp  and  to  be  affected  by  moisture.  Black  walnut,  beech,  and 
maple  are  used  to  some  extent.  Black  walnut  is  stronger  than 
cherrj',  but,  like  beech  and  maple,  is  likely  to  warp. 

It  may  be  stated  then,  that,  in  the  United  States,  white  pine 
is  the  material  commonly  employed  for  pattern  making.  Lumber 
1  inch,  1^  inches,  and  1|  inches  thick  will  be  found  convenient  in 
the  construction  of  such  patterns  as  are  most  commonly  called  for. 
It  will  be  a  great  saving  of  time  and  labor,  after  the  lumber  has 
been  carefully  selected,  to  have  it  taken  to  the  planing  mill  a7id 
dressed  on  two  sides  to  the  following  thicknesses: 

One-inch,  dressed  on  two  sides  to  "s  inch; 

One  and  one-quarter-inch,  dressed  on  two  sides  to     1}^  inch; 

One  and  one-half-inch,  dressed  on  two  sides  to  1^8  inch; 

and,  if  such  can  be  found  well  seasoned,  a  small  quantity  of  two-inch,  dressed 
to  1'}^  inches. 
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In  addition  to  these  sizes  there  shoidd  be  a  moderate  amount  of 
1-inch  resawed  and  dressed  to  f  inch  or  to -^  inch;  and  the  same 
amoimt  of  l^-inch  resawed  and  dressed  to  |  inch.  The  two  last 
thicknesses  are  used  for  gluing  and  building  up  the  rims  of  pidleys, 
gear  wheels,  and  other  light  work  where  strength  and  durability 

are  required. 

Warping  and  Twisting  of  Wood.  Observation  shows  that 
if  one  side  of  a  board  is  kept  damp  and  the  other  dried,  the  former 
will  expand  so  that  the  plank,  altliough  originally  straight,  becomes 
curved  as  in  Fig.  1.  Or  if  one  side  of  a  board  is  exposed  to  the  air. 
while  the  other  is  more  or  less  protected,  as  in  the  stack  of  boards 
shown  in  Fig.  2,  the  exposed  side  of  the  upper  board  will  give  off 
its  moisture  more  rapidly  than  the  other  side,  and  the  board  will 
warp  or  bend  in  the  direction  shown  by  the  dotted  lines.  The 
second  board  will  also  "draw"  and  to  some  extent  follow  the  first, 
being  in  turn  followed  by  tlu^  third,  and  so  on  until  the  entire  stack 
is  warj^ed  and  b(Mit. 


Fig.  1 


Fig.  2. 


Tlu^  same  will  be  found  true  of  a  well-seasoned  board  if  after 
being  planed  it  is  allowed  to  lie  on  its  side  on  the  work-bench. 
The  upper  side  will  give  off  its  moisture  more  freely  than  is 
possible  for  the  under  side;  the  latter  being  protected  and  having 
its  moisture  retained  by  the  bench.  The  lower  side  of  the  board  is 
thus  caused  to  expand,  and  the  upper  to  contract,  with  the  result 
that  the  board,  although  originally  planed  straight,  becomes  curved. 
For  this  reason  all  lumber,  even  if  well-seasoned,  should  be  so 
placed  in  racks,  or  on  end,  that  the  air  may  have  free  access  to 
both  sides  of  the  planks;  and  newly  planed  boards,  however  dry 
and  well  seasoned,  should  never  be  stacked  together,  but  so  plac(Ml 
that  both  sides  will  be  exposed  alike. 

This  tendency  to  warp  is  explained  to  some  extent  by  the 
porous  nature  of  all  woods,  and  their  inclination  to  give  off  or  to 
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absorb  moisture  according  to  the  condition  of  the  surrounding 
atinosi)here.  As  there  is  always  more  or  less  moisture  in  the  air^ 
and  lumber  of  all  kinds  contains  an  amount  of  moisture  which 
is  t!ver  changing  according  to  the  conditions  of  the  surrounding 
atmosphere;  this  causes  corresponding  expansion  or  contraction 
of  the  wood. 

Even  under  cover  and  in  a  dry  place,  wood  has  a  tendency 
to  warp  on  account  of  the  greater  shrinkage  of  the  newer  as 
compared  with  the  older  cells  of  the  wood  tissue  or  fiber  in  the  side 
of  tlie  board  nearest  to  the  outside  or  sap  wood  of  the  tree.  The 
ianer  side  A  of  the  board  (Fig.  3)  being  closer  to  the  heart  wood, 
is  older  than  the  side  B;  its  cells  are  firmer  and  more  compact  than 
those  of  B.  As  the  board  seasons,  the  newer  and  more  ox^en  cells 
oF  the  side  B  will  shrink  faster  and  to  a  greater  extent  than  those 
of  A,  thus  causing  the  board  to  draw  or  warp  in  the  direction 
indicated  by  the  dotted  lines. 


A 


Fier.  3. 


Fig.  4. 


In  gluing  or  building  up  stock  for  a  pattern,  this  tendency 
may  be  corrected  to  some  extent,  by  reversing  the  grain  of  the 
pieces  that  are  to  be  glued,  and  i^lacing  two  outsides  (as  B,  Fig.  3) 
or  two  insides  (as  A,  Fig.  3)  together  This  is  fully  illustrated 
in  Fig.  4. 

In  gluing  very  thin  pieces  together  for  the  webs  or  centers  of 
pulk>ys  and  for  other  xjurposes,  it  is  often  necessary  to  reverse  the 
grain  of  the  jjieces,  or  to  place  the  grain  of  o/ie  piece  at  right 
aiujlcs  to  that  of  the  other^  for  the  purpose  of  gaining  greater 
strength  and  stiffness.  In  such  cases,  ii  only  two  thin  piec(>s  are 
used,  the  residt,  after  they  have  been  glued  and  dried,  will  be  to 
some  extent  as  shown  in  Fig.  ;">,  tlie  shrinkage  and  strain  of  the 
end  grain  crosswise^  of  the  board  at  <7,  being  sufficient  to  bend 
the  opposing  thin  board  lengthwise  of  tlu^  grain  at  h^  whilt>  on  the 
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side  cd.,  the  curve  will  be  reversed  for  the  same  reason,  ^Yhenevi'l' 
it  is  necessary  to  cross  the  grain  of  thin  pieces  for  a  pattern , 
three  or  more  pieces  should  he  used^  which  will  give  satisfactory 
results   if   placed   together  as   shown   in   Fig.   6. 


R^^^s? 


7A 


\'i/f/^^^m4^^^^^^^^^ 


Fie.  6. 


When  thin  circular  disks  of 
large  size  are  to  ^le  glued  up  for 
patterns  of  any  kind,  the  strongest, 
stiff  est,  and  most  satisfactory  re- 
sults will  be  obtained  if  the  pieces 
Fig.  5.  are  fitted  and  glued  tangentially 

to  the  hub  or  other  center  or  opening  in  the  disk,  as  shown  in  Fig.  7. 

The  grain  of  the  wood  must  nm  lengthwise,  and  parallel  to  the 

longest  side  of  each  sector;  and,  after  the  pieces  have  been  fitted 

together,  a  thin  groove  is  cut  in  the  edge  of  each,  in  which  thin 

tongues  of  wood  are 

inserted   and   glued,  as 

illustrated    in     Fig.    8. 

Two  disks  are  glued  up, 

and  one  is  turned  over 

so  as  to  reverse  the  grain 

of    the   sectors  of    one 

disk  on  that  of  the  other, 

as  shown  by  the  dotted 

lines.  The  disks  are  then 

glued  together,  making 

a  very   rigid   construc- 


FifT.  7. 


Fig.  8. 


tion,  and  one  which,  owing  to  the  continual  change  in  the  direction 
of  the  grain,  will  not  warj). 

Should  a  wide  and  thin  piece  of  a  single  thickness  be  required 
for  a  patteni,  the  board  from  which  it  is  to  be  made  should  be 
ripped  into  strips  of  two.  three,  or  four  inches  in  width  (according 
to  the  width  of  tlie  rcijuircd  board),  .ind  llic  strips  glued  together 
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;igain  with  each  alternate  strip  reversed,  as  shown  in  Fig.  9.     In 

this   way  the   tendency  to  warp  is  to  a 

^^>^^^^^^v   -^g==a^\\^^g==^  great  extent  corrected,  each  narrow  strij) 
Fig.  9.  being    inclined    to   warp  in  an  opposite 

direction  to  that  of  its  neighbor. 

TOOLS. 

While  many  of  the  tools  used  by  the  pattern  maker  are  identi- 
cal with  those  used  by  the  carpenter  and  cabinet  maker,  yet  the 
conditions  that  govern  the  construction  of  patterns  for  the  mold- 
ing of  metals,  together  with  the  required  accuracy  in  dimensions 
and  the  methods  of  construction  used  to  guard  against  warjjing, 
distortion,  and  breaking,  have  very  little  in  common  with  the 
workmanship  and  methods  of  the  carpenter,  the  wood  turner  or 
the  cabinet  maker. 

Following  is  a  descriptive  list  of  the  more  essential  tools  used  in 
pattern  making,  accompanied  with  instructions  in  their  use. 


^^=^^=^=^^=:^z=^^=i:=^;=^ 


HAND  SAWS. 

Rip  Saw  and  Crosscut  Saw.  '  Hand  saws  are  of  two  kinds — 
rip  and  crosscut.  The  former,  as  the  name  indicates,  is  for 
cutting  loith  the  grain,  or  lengthwise  of  the  board  to  be  sawed.  In 
Fig.  10  is  illustrated  a  rij)  saw 
having  5i  points  to  the  inch, 
which  will  work  rapidly  and  with 
ease  in  pine  and  other  soft  woods. 
If  mahogany,  cherry,  or  other  hard 
wood  is  to  be  ripped,  a  six-^ooint 
saw  should  be  used,  ^ip  saws 
should  be  filed  with  all  the  bevel 
on  the  back  of  tha  tooth,  as  shown 
at  h  in  Fig.  10,  the  front  or 
"throat"  of  the  tooth  being  at  right 
angles  to,  or  "square"  with,  the 
tooth  edge  of  the  blade,  as  at  a  in  the  same  figure.  Tlie  position 
of  the  line  <v/,  whether  perpendicular  or  slanting,  is  called  the 
"hook"  or  "pitch"  of  the  tooth. 


^ig.  10. 
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Rip  saws  should  be  liled  square  across;  that  is,  the  file  should 

be  held  horizontal  and  at  right  angles  to  the  side  of  the  blade,  always 

filing  each  alternate  tooth  from  the  opjjosite  side  of  the  saw;  this. 

if  done  by  beginning  at  the  heel  and  working  the  file  toward  the 

point  of  the  blade,  will  givt' 
a  very  sliglit  bevel  to  thr 
back  edge  of  the  tooth, 
causing  it  to  cut  cleaner 
and  with  less  set  than  if 
filed  otherwise. 

Rip  saws  require  very 
little  set  for  use  in  dry, 
well-seasoned  lumber,  such 
as  is  always  used  in  pattern 
making.  The  teeth  should 
be  "set,"  or  bent,  only  at 
the  points,  as  shown  at  e 
andy  in  Fig.  10;  and  in  no 
case  should  the  set  exceed 
more  than  half  the  depth 
^ig-'l-  of  the  tooth. 

When  the  points  only  are  set,  the  saw  will  work  more  freely, 

and  the  blade  of  the  saw  will  not  be  "sprmig,"  or  bent,  in  setting 

In  using  a  rip  saw,  the  front  or  cutting  edge  of  the  saw  bhide 

should  be  held  at  an  angle  of  about  45°  to 

the   board,   as   shown   in   Fig.   11.      This 

brings   the  back  of  the   tooth   nearly   at 

right  angles  to  the  fibres  of  the  wood,  and 

insures  a  shearing  cut.     For  fine  work  and 

well-seasoned  material,  hand  saws  may  be 

bought  ground  so  thin  on  the  back  as  to 

require  no    set.      Such   tools   work    very  '      Fig.  12. 

smoothly  and  easily,  cutting  away  less  wood  and  doing  better  work 

than  saws  that  have  been  set. 

The  crosscut  saw  really  severs  or  cuts  the  fibres  of  the  wood 

twice,  as  shown  at  a  in  Fig.  12,  the  intervening  projections  being 

loosened  and  carried  out  as  dust  by   the    thrust    of    the   saw. 

producing  a  nearly  straight-bottomed  kerf,  as  shown  at  h  (Fig.  12). 
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A  crosscut  saw  for  ordinary  work  should  have  five  or  six  points 
to  the  inch ;  but  for  finii  work  ten  or  twelve  ijoints  would  be  better, 
especially  for  dry  woods,  either  soft  or  hard. 

A  section  of  a  B-x^oint  crosscut  saw  is  shown  in  Fig.  13,  and 
one  of  an  13i-point  in  Fig.  1-4. 

In  considering  rii3  saws  we  lind  that  the  rake  or  bevel  Is  all  on 

Fig.  13. 

the  back  of  the  tooth.  In  crosscut  saws  the  rake  is  on  the  side  of 
the  tooth,  as  shown  at  a  (Fig,  13.)  In  rii)ping,  the  point  of  the 
tooth  acts  as  a  chisel,  cutting  off  the  fibers  of  the  wood,  each  tooth 
chiseling  off  a  shaving  as  it  passes  through  the  board;  but  in 
crosscutting,  the  side  of  the  tooth 
does  the  cutting,  and  therefore  must 
have  its  bevel  on  the  side. 

In  Fig.  13  the  bevel  or  fleam 
of  the  tooth  is  about  45°,  and,  as 
shown,  there  is  no  hook  or  pitch, 
the  angle  being  the  same  on  both  Fig.  li. 

the  front  and  back  of  the  tooth.  This  form  of  tooth  works  well  in 
wet  or  in  vi>ry  soft  wood;  but  for  wood  that  is  well  seasoned,  and 
for  nil  the  harder  and  firmer  woods,  the  pitch  of  the  front  of  the 


Fig.  15. 
tooth  should  be  at  an  angle  of  about  60°  to  the  tooth  edge  of  the 
blade,  as  shown  in  Fig.  15,  and  at  5  in  Fig.  16.     The  amomit  of 
pitch  in  the  teeth  of  a  saw  may  be  varied  as  demanded  for  different 
purposes  or  for  different  woods,  but  in  all  cases  should  be  such  as 
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to  loosen  and  carry  out  the  intervening  wood.    Otherwise  this  would 

have  to  be  rasped  or  filed  out  by  the  continued  action  of  the  saw. 

The    fleam    of    the  side  of  the  crosscut   saw  tooth    is  very 

imj)ortant.    When    filing,  the    file    should  be  "held  horizontally 

and  at  an  angle  of  about  45°  to  the  side  of  the  saw,  lengthwise  of 

the  blade,  as  illustrated  in  Fig.  16;  and  each  alternate  tooth  must 

be  filed  from  the  opposite  side  of  the  blade,  beginning  at  the  heel 

and  filing  toward  the  i^oint  of  the  saw. 

The  objection  is  often  raised  by  saw  filers,  that  in  filing  from 

the  handle  end  of  the  saw  toward  the  point,  a  feather  edge  is  made 

by  the  file  and  turned  backward  on  the  point  of  the  tooth.     The 

first  thrust  of  the  saw  through  the  board,  however,  will  remove  this 

feather  edge  entirely;  whereas,  if  the  filing  be  done  from  the  point 

of  the  saw  toward  the 

handle,  it  is  necessary 

to  file  the    teeth    bent 

toward  the  operator, 

which    causes    the   saw 

to  vibrate,  or  "chatter;" 

and  this  not  only  renders 

good,  even  filing  imix)6- 

„.    ,„  sible,    but    breaks    the 

Fig.  16. 

teeth  of  the  file. 

For  hand  and  back  saws,  a  saw-set  that  acts  on  the  principle 

of  the  hammer  and  anvil,  such  as  the  one  illustrated  in  Fig.  17, 

is  best.     The  spring  sets,  so  much  in  use,  will  not  give  so  regular 

and  even  a  set  to  the  teeth  as  will  one  or  more  light  blows  with  the 

hammer  on  the  beveled  face  of  the  anvil.     By  this  method  the 

tooth   is  not  bent  or  sprung  beyond  the  position  in  which  it  is 

intended  to  remain,  and  tht?  blade  of  the  saw  is  not  bent  or  affected 

by  the  stroke  of  the  hammer  on  the  point  of  the  tooth.     A  saw-set 

of  the  kind  illustrated  in  Fig.  17  can  be  adjusted  to  set  the  points 

of  the  teeth  to  any  depth  desired;  and,  even  if  re^Deated  light  blows 

are  given,  the  tooth  cannot  be  bent  beyond  the  required  distance. 

The  blow  may  be  struck  on  a  with  a  light  mallet;  or  it  may  be 

struck  from  below  Avilli  the  oi^erator's  foot  on  a  treadle  comiected" 

with  e,  leaving  both  hands  free  to  hold  and  to  guide  the  saw. 
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In  setting  a  saw,  it  is  always  better  to  use  two  or  three  light 
blows  on  a  tooth  than  to  try  to  do  the  work  with  one  heavy  blow: 
and  this  is  esix3cially  the  case  if  the  saw  is  hard,  as  all  good  and 
well-tempered  saws  should  be. 

The  back  saw  illustrated  in  Fig.  18  is  used  as  a  bench  saw  for 
liglit  or  fine  work,  and  for  fitting  and  dovetailing.  Saws  of  this 
type  are  made  from  8  to  11  inches  in  length,  the  10-  and  12-inch 

being  convenient  sizes  for  general 
work.  As  the  metal  back  holds  and 
siitfens  the  saw,  a  thin  blade  should 
always  be  selected;  and  the  methods 
of  filing,  jointing  and  setting  are  the 


17.  Fig.  19. 

same  as  already  described  for  hand  saws.  At  least  two  back  saws 
will  be  found  necessary,  one  filed  for  crosscutting,  and  the  other 
filed  as  a  rip  saw  for  cutting  icith  the  grain  of  the  wood,  as  in 
the  cutting  of  tenons  and  dovetails. 

EXERCISE. 

While  for  those  who  have  had  experience  in  carxjentry  the 
following  exercise  in  the  use  of  the  back  saw  may  not  be  necessary, 
it  is  recommended  to  all  beginners  who  wish  to  acquire^  skill  in  tlu' 
use  of  this  important  tool. 
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Take  any  block  of  wood  from  12  inches  to  IG  inches  long,  about  2  inches 
wide,  and  al)out  1,^4  inches  in  thickness.  With  try -square  and  a  sharp-pointed 
pocketknife,  lay  it  out  as  illustvated  in  Fig.  19,  on  the  upper,  front,  and  back 
sides  of  the  block.  The  knife-cuts  must  be  at  least  ^  inch  deep,  and  about 
%  inch  distant  from  each  other.  Next  proceed  to  saw  up  the  block  into  thin 
sections,  sawing  each  time  so  that  the  saw  kerf  will  be  just  outside  of,  but 
close  to  the  knife  line,  as  indicated  at  a. 

The  saw-cut  through  the  block  should  be  true  to  each  of  the  three  lines; 
and  while  the  saw  passes  along  one  side  of  the  line,  its  teeth  should  not 
scratch  the  opposite  side  of  the  knife-cut,  but  should  leave  a  smooth,  clean 
angle  of  the  knife-cut  on  the  block,  as  shown  at  h  in  Fig.  19,  while  at  the  same 
time  it  should  be  so  close  to  the  line  as  to  leave  no  wood  to  be  smoothed  ofif 
with  plane  or  chisel. 


Fig.  20. 

A  few  hours'  thorough  and  careful  practict^  of  this  exercise 
will  enable  any  one  to  use  the  saw  successfully. 

Compass  Saw.  As  the  work  of  the  compass  saw,  illustrated  in 
Fig.  20,  will  be  both  with  and  across  the  grain  of  the  wood,  the 
best  form  of  tooth  will  be  that  shown  in  Fig.  21,  having  more  pitch, 
and   slightly  less  bevel,  than  the  crosscut  saw.     A  crosscut  saw 

will  rip  better  than  a  rixD  saw  will  cross- 
f^^!^NSNK^^Arsisrs^\n~j^sr^^^^  cut;  hence  the  shape  of  tooth  should 

be  betM-een  the  two.     Compass  saws 
ixrc  ground  very  thin  on  the  back  of  the 
■^'^'  -^-  blade,  but  in  order  to  turn  easily  they 

should  be  set  the  same  as  hand  saws.  And  here  w(>  wish  to  impress 
on  the  beginner  the  necessity  of  keeping  his  saw-  and  indeed  all 
other  cutting  tools — jjerfectly  sharp  and  in  good  working  condition 
at  all  times.  A  sharp  saw  will  work  faster,  and  will  always  do 
smoother  and  better  work  with  less  set  and  with  less  expenditure 
of  power,  than  a  dull  one.  Even  to  saw  well  is  an  art,  which 
cannot  be  gained  through  the  use  of  dull,  imperfectly  set,  and 
poorly  kept  tools.  To  tile  well  will  require  from  the  beginner  close 
attention,  a  study  of  th(^  subject,  and  careful  practice,  all  of  which 
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can  be  given  by  any  one  possessing  ordinary  mechanical  ability. 
If  the  filing  is  done  slowly  at  first,  care  being  taken  to  hold  the 
fil(^  at  the  same  angle  for  all  the  teeth,  a  little  faithful  practice  will 
always  bring  success. 

PLANES. 

The  Iron  Plane.  The  modern  iron  plane,  illustrated  in 
Fig.  22,  can  now  be  bought 
in  a  great  variety  of  sizes 
and  styles.  These  planes, 
with  their  true  and  unchang- 
ing faces,  and  their  simple 
appliances  for  setting  andad- 
justing  the  cutter  (or  plane= 
iron)  to  the  face  of  the  j^lane  and  to  the  required  thickness  of  shav- 
ings, are  greatly  to  be  preferred  to  the  old-style  wooden  planes. 
The  general  construction  of  the  iron  i)lane  will  be  readily 

understood  from  Fig.  23, 
one  side  of  the  plane 
being  removed  to  show 
the  arrangement  of  the 
parts;  a  is  the  cutter, 
or  plan(siron,  which  is 
made  of  the  best  cast 
steel  and  of  equal  thick  - 

ness  throughout.     In  all 

Fig.  23.  i^ew  planes  this  part  will 

be  found  ground  and  sharpened  for  immediate  use. 

The    cap-iron  f  (Fig.    2.S)    is    fastened     to    the    plane-iron, 


Fig.  2i. 


by  an  adjusting  screw,  as  shown  in  Fig.   24.     For  whetting  or 
grinding  the  cutting  edge,  it  is  not  necessary  to  remove  the  cap-iro2x, 
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but  only  to  loosen  tho  connecting  scre^y  and  to  slide  tlie  cap 
back  to  the  extreme  end  of  th(-  slot  in  the  plane-iron,  tightening  it 
there  by  a  turn  of  the  screw.  The  cai)-iron  will  then  serve  as  a 
convenient  handle  or  rest  in  whetting  or  in  grinding. 

The  iron  lever  c  (Fig.  23)  is  held  in  i^lace  below  its  center  by 
the  screw  y,  which  acts  as  a  fulcrum,  and  the  lever  is  readily 
clamped  down  upon  the  irons  by  the  use  of  the  cam-piece  iJ. 
When  this  cam  is  turned  uj)ward  it  ceases  to  bear  upon  the  irons. 
The  lever  c  may  then  be  removed  from  its  place,  and  the  irons 
released,  without  turning  or  changing  the  adjustment  of  the  screw 
g^  as  the  lever  and  irons  are  properly  slotted  for  this  j)urpose. 

Should  the  pressure  required  for  the  best  working  of  the  plane- 
iron  need  changing,  it  can  easily  be  obtained  by  "tightening  or 
loosening  the  screw  g. 

When  the  i:)lane-iron  is  secured  in  its  place,  the  use  of  the 
brass  thumb-screw  5  will  drcni'  or  drive  the  plane-iron ;  and  thus 
the  thickness  of  the  shaving  to  be  taken  from  the  work  can  be 
regulated  with  jjerfect  accuracy.  By  the  use  of  the  lever  e,  located 
under  the  jjlane-iron,  and  working  sidewise,  the  cutting  edge  can 
easilj^  be  brought  into  position  exactly  parallel  with  the  face  of  the 
plane,  should  any  variation  exist  when  the  iron  is  clamped  down. 
To  ascertain  this,  hold  the  plane  up,  and  look  down  over  its  face; 
the  greater  projection,  if  there  be  any,  of  one  or  the  other  of 
the  corners  of  the  iron,  can  readily  be  seen. 

The  cap-iron/",  which  is  not  sharjj,  is  not^  as  is  often  suxDposed, 
used  for  the  purpose  of  strengthening  or  stiffening  the  cutting 
iron,  but  as  a  chix^-break  to  prevent  the  cutting  edge  of  the 
plane-iron  from  chix^ijing,  tearing,  and  breaking  the  grain  of  the 
wood  below  the  surface  when  the  grain  turns  and  twists,  or  when 
it  is  knotty  and  crooked.  In  such  cases  the  tendency  of  the 
plane-iron  is  to  split  and  tear  out  the  fibres  of  the  wood  in  front 
of  the  cutting  edge.  To  avoid  this,  the  cap-iron  is  scrc^wed  on  with 
its  dull  (xlgc^  quite  close  to  the  cutting  edge,  so  as  to  bend  and 
break  off  the  fibres  or  the  shavings  before  the  split  gets  fairly 
started  below  the  surface. 

The  cutting  edge  of  the  plane-iron  is  said  to  have  lead  in 
prox)ortion  to  the  distance  it  is  placed  in  advance  of  the  dull  edge 
of  the  cap-iron.     The  depth  of  the  splits,  or  the  roughness  of  the 
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(TOss-graiiK'cl  surface,  will  bo  just  equal  to  the  lead  of  the  cutting 
edge.  For  soft,  straight-grained  wood,  the  lead  may  be  sV  inch 
or  even  more,  but  this  must  be  reduced  in  proiKtrtion  as  the  wood 
is  curly,  cross-grained,  or  knotty. 

The  grinding,  or  the  whetting,  must  always  be  done  on  the 
level  side  only  of  the  iDlane-iron,  the  upper  side  being  kept  as  flat 
and  as  smooth  as  possible  to  secure  easy  working. 

All  plane-irons  should  be  ground  slightly  rounding  to  the 
extent  of  the  thickness  of  a  thin  shaving.  This  rounding  of  the 
cutting  edge  should  be  the  true  arc  of  a  circle  throughout  the  entire 
length  of  the  cutting  edge,  and  not  simx^ly  a  rounding-off  of  the 
comers  as  is  sometimes  directed.  Rounding  the  edge  to  the  extent 
ot  the  thickness  of  a  shaving  will  prevent  the  jjlane-iron  from 
grooving  into,  or  plowing  out  a  wide  groove  in,  the  surface  that 
is  being  worked,  and  will  also  assist  greatly  in  working  the  edges 
of  the  piece  to  right  angles,  or  square  with  the  face  side.  To  do 
this  it  is  not  necessary,  should  one  comer  of  the  edge  be  higher 
than  the  other,  to  tilt  the  plane  on  the  high  edge,  but,  while  hold- 
.ng  it  flat  and  firm  on  the  surface  of  the  edge  being  jjlaned,  push 
the  plane  sidewise  towards  the  highest  corner  in  order  to  reduce 
that  corner.  This  will  readily  be  understood  when  we  remember 
that  the  cutting  edge  of  the  iron  is  rounding.  If  the  plane  is  held 
so  that  the  middle  of  the  plane-iron  will  do  the  cutting,  the  shav- 
ing planed  will  be  of  the  same  thickness  on  both  edges ;  but  if  the 
plane  is  pushed  over  to  one  side,  either  to  the  right  or  to  the  left, 
the  shaving  will  be  feather-edged,  or  thick  on  one  edge  and  thin 
on  the  other,  thus  reducing  the  higher  corner  of  the  edge  of  the  piece. 

When  the  plane  is  to  be  used,  the  beginner  should  first  care- 
fully adjust  it  to  the  thickness  of  shaving  required,  by  holding  it 
up  and  looking  down  over  the  face  of  the  plane,  when  the  j)rojec- 
tion  of  the  plane-iron  can  readily  be  seen,  and  then  by  testing  on 
the  piece  to  be  planed. 

The  oj3erator's  position  should  be  one  of  perfect  ease,  standing 
well  back  of  the  piece  to  be  i^laned,  and  pushing  the  plane  to  arm's 
length  from  (not  alongside  of  j  the  operator,  taking  long  and 
continued  shavings  from  the  board.  When  starting  the  shaving  at 
the  end  of  the  board,  care  should  be  taken  to  hold  the  forward  end 
of  the  plane  down  firmly,  or  the  act  of  pushing  it  forward  will 
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cause  that  end  to  tilt  up  and  the  plaue-irou  to  chatter  on  the 
surface  as  it  begins  to  cut  the  shaving.  This  is  owing  to  the  fact 
that  nearly  two-thirds  of  the  plane  overhangs  the  end  of  the  board, 
requiring  firm  pressure  on  the  forward  end  to  balance  it  while  the 
stroke  is  being  started. 

To  insure  smooth  work,  care  must  be  taken  to  plane  loith  the 
grain  of  the  wood,  and  not  against  the  ends  of  the  fibres  as  they 
lie  in  the  surface  of  the  board.  Should  the  fibres  tear  out  and  the 
surface  become  rough,  reverse 
the  ends  of  the  boards  so  as 
to  cut  the  shaving  in  the 
opposite  direction,  and  note 
the  difference  in  the  effect  on 
the  planed  surface. 

Of  iron  planes,  the  most 

important  is  the  No.  5  jack 

T 1  Fio".  25. 

plane,  14  inches  long,  and  hav- 
ing a  cutter  2  inches  in  width.  This  plane  is  illustrated  in  Fig.  25. 
When  the  pattern  limiber  has  first  been  roughly  planed  in  a 
planing  mill,  this  No.  5  plane  almost  exclusively  can  be  used  for 
planing  and  pattern  making.  In  making  or  in  "truing  up"  very 
large  surfaces,  however,  or  in  making  long  glue  joints,  the  No.  7 

Jointer  plane,  22  inches  long  and 
having  a  cutter  2|  inches  wide,  will  | 
be  found  necessary.  This  plane  is  ■ 
shown  in  Fig.  22,  and  differs  from  ; 
the  jack  plane  only  in  its  length  | 
and  in  its  extra  width  of  face. 
p-     26.  ^  For  mahogany  or  other  hard! 

wood,  the  No.  4  smooth  plane,  iUustratc^d  in  Fig.  26,  will  be  found  | 
very  usc^ful.  This  plane  is  made  in  several  sizes.  The  No.  4,  | 
which  is  9  inches  long  and  has  a  2-inch  cutter,  is  the  best  size  for 

general  use.  ,  , 

Next  in  importance  to  the  three  planes  already  mentioned,  j 
is  the  block  plane,  illustrated  in  Fig.  27.  The  No.  19,  which  is^ 
7  inches  long  and  has  a  cutter  1£  inches  wide,  is  the  most  desirable ; 
for  the  pattern  maker's  use.  It  has  an  adjustable  throat,  as  well  as ! 
the  screw  and  lateral  lever  adjustments  of  the  other  planes.    This 
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pV.mo  has  the  advantage  of  being  so  constructed  as  to  bo  held 
easily  in  one  hand.     Owing  to  the  low  angle  at  which  the  cutter 
,' — s^  is  ijlaced  it  works  more  smoothly 

and  easily  on  end  wood  and  on 
miters  than  any  other  plane. 
In  cases  where  lumber  must 
1)6  dressed  from  the  rough, 
without  being  first  roughly 
dressed  in  a  planing  mill,  the 
^'--  -'^-  No.  40  scrub  plane,  illustrated 

in  Fig.  28,  will  be  almost  indispensable.  It  is  9^  inches  long,  and 
has  a  cutter  1^  inches  wide.  The  cutter  is  a  single  iron,  and  is 
ground  and  sharpened  very  rounding  on  the  cutting  edge,  as  shown 
in  Fig.  28,  to  allow  of  cuttiiig 
a  very  thick  shaving  without 
grooving  at  the  edges.  This 
plane  works  rapidly  and  easily, 
prejoaring  the  rougli-sawn  sur- 
faces of  planks  for  the  finish- 
ing planes.  Fig.  28. 

For  truing  and  smoothing  circular  arcs  and  curves  of  all  kinds, 
either  convex  or  concave,  there  is  no  tool  that  equals  the  circular 
plane,  illustrated  in  Fig.  29.     This  plane  has  a  flexible  steel  face 


Fig.  29.  ^-J.--^  Fig.  .30. 

which  can  easily  be  shaped  to  any  required  arc  or  curve  by  turning 
the  knob  on  the  front  of  the  plane. 

The  Rabbet  Plane.  Among  the  special  planes  used  by  the 
pattern  maker,  the  rabbet  plane,  illustrated  in  Fig.  30,  is  the  most 
important.  The  face  of  this  plane  is  always  flat  and  at  right  angles 
to  the  sides.     It  is  used  in  working  out  square  angles  and  corners, 
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or  laps  as  they  are  called  in  carpentry,  and  also  for  working 
lap  joints,  as  shown  in  Fig.  31. 


Fiir.  .31. 


The  skew-iron  rabbet  plane,  in  which  the  cntting  edge  of  the 
plane-iron  is  set  diagonally  across  the  face  of  the  plane,  works 
much  more  smoothly  and  easily  than  one  in  which  the  iron  is  set 
at  right  angles  to  the  side  of  the  plane.    The  improved  rabbet 


Fig.  32. 
plane  shown  in  Fig.  32  is  fitted  with  depth  gange,  and  also  with  a  spur 
cutter,  both  of  which  are  often  of  great  convenience  to  the  workman, 
Rabbet  planes  are  made  in  sizes  ranging  from  \  inch  to  l\ 
inches  in  width.  The  t-inch  and  1^-inch  are  oonvenient  sizes  for 
general  work. 


Fig.  a3.  F'g-  ^• 

Round  and  Hollow  Planes.  Th(^se  planes  are  illustrated  in 
Figs.  33  and  34.  They  are  made  of  different  curvatures,  and  a  set 
of  assorted  sizes,  especially  the  rounds,  are  almost  indispensable 
to  the  pattern  maker  for  finishing  semicircular  core  boxes,  for 
making  fillets,  and  for  working  out  curves  of  every  description, 
both  concave  and  convex. 
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The  Core=Box  Plane.  The  corp-box  ])l;iii(',  shown  in  Fig.  35, 
w  liilc  not  indispensable,  will  b(;  foimd  to  b<'  n  vorj-  rapid  working 
and  useful  tool  for  making  semicircular  core  boxes  uj)  to  2|  inches 
in  diameter.  By  using  the 
extension  sides,  one  of 
which  is  shown  in  the  illus- 
tration, and  two  pairs  of 
which  are  always  furnished, 
this  tool  will  work  accu- 
rately a  concave  semicircle 
up  to  10  inches  in  diameter. 

The  core -box  plane  is 
constructed  uix)n  the  prin- 
ciple that  if  the  sides  of  a 
right  angle  lie   u^xtn   the 

extremities  of  a  diameter  of  Pig.  So. 

a  circle,  the  vertex  of  the  right  angle  will  lie  ujxjn  the  circum- 
ference of  the  circle.  This  is  illustrated  in  Fig.  36,  from  which  it 
will  be  seen  that  if  the  block  of  wood  has  been  -worked  to  a  jjerfect 
semicircle,  and  the  edges  of  the  blades  of  a  try-square  or  right- 
angled  triangle  touch   the  semicircular  curve  at  its  extremities, 


Fig. .%. 

the  right  angle  or  comer  will  touch  the  arc  at  some  point,  as  h,  eor 
fty  the  angles  ahc,  def,  and  g/ii  all  being  right  angles. 

To  this  kind  of  plane  the  objection  is  often  made  that  it 
abrades  and  wears  off  the  comers  of  the  semicircle  as  it  is  being 
worked  out.  This,  however,  can  be  practically  avoided  if  the 
following  instructions  are  followed: 
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Carefully  layout  the  block  from  which  the  core  box  is  to  be  worked,  from 
a  center  line  on  the  face  of  the  block,  describing  on  each  end  of  the  block 
a  semicircle  of  the  required  radius;  connect  the  extremes  of  the  two  end  arcs 
by  straight  linos  on  the  face  of  the  block,  as  shown  in  Fig.  37.  Two  very  thin 
strips  of  hard  wood  are  tacked  along  these  linos,  just  outside  of  the  wood  to  be 
cut  away,  as  shown  at  a  and  at  /*  in  Fig.  38.  These  strips  form  rests  for  the  sides 
of  the  plane  while  the  heavier  part  of  the  work  is  being  done.  After  work- 
ing out  the  semicircle  as  far  as  the  strips  will  allow,  as  shown  by  the  dotted 
arc  acb,  the  strips  are  removed,  when  the  work  can  be  tinishod  without 
materially  affecting  the  corners  at  a  and  h. 

When  making  tlio  finishing  cuts  \vith  tliis  plane,  cure  must  hv 
taken  to  adjust  tlie  cutter  centrally,  /.  e.,  so  that  it  will  cut  equally 
to  both  right  and  left;  otherwise  the  work  will  not  be  correct.  If, 
however,  the  work  has  been  done  with  care,  the  finishing  may  br 
completed  with  coarse,  and  lastly  with  fine,  sandpaper  held  on  a 
cylindrical  block  of  radius  sliglitly  less  tlian  tliat  of  the  required 
core  box. 


Fig.  37. 


38. 


The  Router  Plane.  This  tool  will  be  found  very  convenient 
for  smootliing  out  smik  panels,  for  letting  in  rapi)ing  and  lifting 
plates,  and  for  all  depressions  below  the  general  surfaci;  of  the 
pattern.  It  will  plane  tlu^  bottoms  of  recesses  to  a  uniform  depth 
from  the  surface  of  the  work,  and  will  work  into  angles  and 
corners  that  otherwise  could  be  reached  only  by  the  use  of  the 
paring  chisel.     It  is  illustrated  in  Fig.  39. 

The  Spoke=Shave.  The  spoke-shave  is  used  by  the  pattern 
maker  for  shaping  and  rounding  out  small  curves  either  convex  or 
concave,  which  cannot  be  readied  with  the  circular  plane.  It  can 
be  found  in  a  great  variety  of  styles,  either  in  metal,  as  shown  in 
Fig.  40,  or  in  wood.  The  all-wood  boxwood  spoke  shave  illustrated 
in  Fig.  41,  without  brass  facing  .or   screw  adjustment,  is   to   be 
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preferred  to  all  otliers  for  tho  pattern  maker's  use,  esijecially  for 
working  l)ine  or  other  soft  wood. 


Fi^^  no. 


CHISELS  AND  GOUGES. 


Tho  chisel  enters  so  largely  into  tho  work  of  the  pattern  maker 
in  paring  and  shai)ing  i^attoms  that  tho  quality  of  the  tool  should 


Fip.  40. 


Fig.  41. 

be  of  the  best.  While  carpenters'  chisels  are  made  in  several 
styles,  they  may  be  di"v-ided  into  two  general  classes,  socket=handIed 
chisels,  and  firmer  or  paring  chisels.     The  former  are  ilhistrated 


dUD 


Fig.  42. 


in  Fig.  42,  and  are  used  for  framing,  and  for  very  heavy  work  of  all 
kinds  in  wliich  the  use  of  a  mallet  is  necessary.  The  common 
firmer  or  paring  chisels,  two  styles  of  which  are  shown  in  Fig.  4.S, 
are  the  best  all-round  chisels  for  pattern  work.     Being  lighter  and 
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thinner  than  the  others,  they  are  better  adapted  to  the  light  work 
on  which  they  are  used;  moreover,  when  nsed  with  care,  they  will 
answer  every  desired  jjurpose,  e»'en  for   heavy  work   or   with    a 


mallet. 


ft 


:=-airf[nD 


Fig.  4.3. 

The  beveled-edge  chisel  shown  at  <(,  Fig.  4o,  is  greatly  to  hv 

preferred.     It   is    lighter    than    the    other   kind   illustrated,   and 

the   S(iuare    angle    being    removed,  the   workman    is    enabled   to 

reach  into  angles  and  under  projections  difficult  to  reach  with  a 


Fig.  U. 


Fig.  45. 

square-edged  tool.  A  set  varying  in  width  from  ^  inch  to  |  inch 
by  eighths,  and  from  f  inch  to  1|  inches  by  quarters,  nine  chisels 
in  all,  will  be  found  useful. 

The  paring  gouges  used  in  x^'ittern  making 
are  ground  or  beveled  on  the  inside,  as  shown  in 
Fig.  44.  These  gouges  are  made  in  regular, 
middle,  and  flat  sweeps.  They  are  indispensable 
for  working  out  core  boxes  and  other  curves. 

In  selecting  a  set  of  paring  gouges,  they 
should  be  not  only  of  assorted  sizes,  but  of  differ- 
ent sweeps,  so  as  to  work  out  semicircles  and  curves  of  different  radii 

The  common  hrmer  gouge,  illustrated  in  Fig.  45,  is  a  useful 
tool  for  rough  or  heavy  work,  but  in  general  its  use  can  be 
dispensed  with  in  pattern  making. 


Fig.  47. 
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Tlie  manner  in  which  the  chisel  is  used    is  so  obvious   uiid 
simple  that  any  instruction  in  that  direction  would  seem  unneces- 


Fig.  46. 

sary.  We  shall  oidy  say  in  a  general  way  that  in  using  a  chisel 
on  a  flat  surface  or  in  a  recess  it  should  always  be  held  with  the 
flat  or  back  of  the  chisel  against  the  work;  and, 
whenever  possible,  it  should  not  be  pushed 
straiglit  forward  or  strjiight  through  an  open- 
ing, especially  when  paring  across  the  grain  of 
the  wood,  but  should  be  moved  laterally  at  the 
same  time  that  it  is  pushed  forward,  as  indi- 
cated by  the  dotted  lines  in  Fig.  46.  This 
insures  a  shearing  cut,  which,  with  care,  even 
when  the  material  is  cross-grained,  will  pro- 
duce a  smooth  and  even  surface. 

As  an  exercise  for  acquiring  tlie  free  use 
of  the  paring  chisel,  there  is  nothing  better  for 
the  beginner  than  the  simple  half-laj)  joint 
shown  in  Fi^.  47. 

The  shoUiUeis  or  the  ends  of  the  openings 
nust  be  cut  with  a  back  saw.  The  opening  is  then  cut  out  and 
the  shoulders  smoothed  with  a  wide  chisel,  and  a  perfect  fit 
obtained  by  continued  trials. 
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The  two  dove-tail  joints  shown  in  Fig.  48  may  be  attempted, 
after  having  succeeded  with  the  half-hii:);and  these  exercises  should 
be  continued  by  the  student  until  such  control  of  the chiselis at- 
tained that  this  and  siiiiilar  work  can  hv  done  with  ease  and  certainty. 
For  laying  out  work  of  this  kind  the  blade  of  a  pocketkiiife  or 
bench  knife  should  always  be  used.  This  gives  a  clean,  sharp-cut 
angle  for  the  meeting  sides  of  the  joints,  which  cannot  be  obtained 
if  a  scratch-awl  is  used.  The  awl  tears  and  breaks  the  fibres  of  the 
wood,  producing  a  rough,  ragged  angle,  which,  on  fitting,  caimot 
produce  a  smooth  and  close  j^iece  of  work.  A  pencil  is  equally 
objectionable  because  of  the  indefinite  dimensions  given  by  its  use. 

xVn  assortment  of  four  to  nine  carver's  gouges,  front  bent  as 
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Fig.  49. 

shown  in  Fig.  49,  will  be  found  necessary  for  working  out  short, 
deep  curves,  and  in  j)laces  where  a  straight  gouge  cannot  be  used, 
as  in  the  core  boxes  for  a  globe  valve,  shown  in  Figs.  222,  223,  227, 
228,  and  similar  work. 

The  full  set  consists  of  nine  tools,  the  curves  of  which  are 
numbered  from  24  to  32.  The  two  extremes,  Nos.  24  and  32,  are 
shown  in  Fig.  49,  and  also  the  shapes  of  the  curves  of  the  seven 
intermediates,  Nos.  25  to  31  inclusive. 

If  desired,  to  save  'exi)ense,  each  alternate  tool  might  be 
omitted  from  the  set,  only  the  odd  numbers  25,  27,  29  and  31  being 
selected.     For  ordinary  work  these  will  be  found  sufficient. 

SQUARES. 

The  best  try-squares  are  now  made  with  graduated  blades, 
Fig.  50,  and  from  two  inches  to  twelve  inches  in  length  of  blade. 
Several   sizes   will   hv   found  necessary,   as    in   many   cases    the 
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hlado  must  be;  short  to  admit  of  its  applicatiou  in  pattern  work. 
The  adjiistfible  try-square,  illustrated  in  Fig.  51,  is  not 
expensive,  and  will  be  found  to  fill  the  re(|uirements  of  several 
small  squares.  It  is  made  in  two  sizes,  with  graduated  blades 
four  inches  aud  six  inches  in  length  respectively.     The  blade  of 


Pig.  50. 

this  square  can  be  firmly  secured  in  its  seat  at  any  j)oint.  When 
the  blade  is  carried  entirely  to  the  front  of  the  handle,  it  is  like 
an  ordinary  try-square;  and  the  moving  of  the  blade  makes  the 
square  equally  perfect  down  to  one-quarter-inch  length  of  blade, 
or  even  less. 


Fig.  51. 


With  one  adjustable  square  of  this  kind^  six  inches  in  length, 
only  one  8-inch  or  one  10-inch  ordinary  scpiare  will  be  found 
necessary. 
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A  still  more  convenient,  but  slightly  more  expensive,  form 
of  adjustable  try-square  is  shown  in  Fig.  52.  It  differs  from  tliat 
shown  in  Fig.  51,  in  being  self-contained,  no  screw-driver  being 
necessary  for  moving  the  blade  or  securing  it  in  position,  and  also 
because  the  blade  can  be  removed  entirely,  and  an  extra  blade, 


Fig.  52. 

shown  in  Fig.  53,  substituted.  The  ends  of  this  second  blade  give 
both  the  hexagon  and  octagon  angles,  which  is  a  matter  of  gr^at 
convenience  to  the  pattern  maker.  Fig.  53  shows  the  hexagon 
end  of  the  blade  applied.  Reverse  the  blade  and  the  octagon  end 
will  be  in  position  for  use. 


,/ 


I       ' 
»       \ 

I  ^ 


"V. 


Fit?.  53. 


To  the  above  try-squares  there  should  be  added  a  carpenter's 
steel  square  24  inches  X  IH  inches,  for  use  in  laying  out  and 
squaring  up  large  stock  and  large  patterns. 
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BEVELS. 

The  bevel  illustrated  in  Fig.  54,  with  the  clami)iiig  screw  in 
the  end  of  the  handle,  is  the  most  accurate  and  the  most  easily 
adjusted  style  of  this  indispensable  tool.  The  blades  are  made 
from  (')  to  12  inches  in  length,  and  have  a  slot  in  one  end,  which 
achnits  of  that  end  being 
shortened  to  meet  the  require- 
ments of  work. 

The  small  Universal  bevel, 
illustrated  in  Fig.  55,  like  the 
adjustable  try-square,  is  not 
an  expensive  tool,  and  will 
be  found  generally  usefid, 
especially  in  working  the  draft 
on  patterns,  and  in  turning 
the  i^arts  of  patterns  on  the 
wood  lathe  which  cannot  be 
reached  with  an  ordinary 
bevel.  The  set-off  in  the  blade 
increases  its  capacity  and  use- 
fulness, so  that  any  angle, 
however  slight,  can  be  ob- 
tained. Fig.  5i. 

One  3-inch    Universal.,  and  one  8-inch  or  10-inch  ordinary 


Fig.  55. 
bevel,  will  meet  all  the   requirements   of  the  pattern  maker  for 
the  beveled  edges  and  surfaces   and   the  draft  of  pattern  work. 
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MARKING    QAQES. 

The  marking  gage  is  used  for  drawing  a  liue  at  a  given 
distance  from,  and  parallel  to,  the  already  trued  and  jointed  surface 
or  edge  of  a  board  or  piece  of  wood  that  is  being  marked  to  dimen- 
sions.    There  are  many  forms  of  this  tool,  but  in  the  '-Imprcvcd 


,'iMk, • 


l.Ll.lillilililililrlilil'I'lililililililililili 


Fig.  56. 

Marking  Gage,"  illustrated  in  Fig.  56,  the  head  is  reversible. 
The  flat  side  of  the  head  is  used  for  ordinary  straight  work,  while 
the  reverse  side,  having  the  brass  face  with  two  projecting  ribs, 


Fie.  57. 


Fig.  58. 


Fig.  59. 


enables  the  operator  to  run  a  gage  line  with  perfect  steadiness 
and  accuracy  around  curves  of  any  radius,  either  convex  or  concave 
—a  feature  much  to  be  desired  in  a  pattern-maker's  gage. 
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DIVIDERS  AND  TRAMMELS. 

The  ordinary  wood-worker's  dividers  can  be  boiiglit  iu  many 
forms,  the  most  common  being  the  scre\v=adjusting  wing  dividers, 

shown  in  Fig.  57.  Tliis  form  is  reliable,  and  is  easily  adjusted  to 
the  reciuired  distance  between  points.  Moreover,  when  clamped  by 
the  thumb-screw,  it  is  not  liable  to  be  altered  by  a  slight  blow 
iu  handling. 

Another  and  improved  form  is  shown  in  Fig.  58,  one  leg 
of  which  is  removable  so  that  a  pencil  can  be  inserted.  This  will 
be  found  very  convenient  for  marking  and  laying  out  work. 


Fig.  60. 

For  spacing  the  teeth  of  gear  wheels,  and  for  other  work 
in  which  great  accuracy  is  required,  a  pair  of  2|-inch  or  3-inch 
dividers,  such  as  are  shown  in  Fig.  59,  will  be  found  necessary. 

The  trammel  is  used  when  the  distance  between  the  points 
to  be  reached  is  too  great  for  the  ordinary  dividers.  The  trammel 
points  are  clamped  to  a  beam  of  sufficient  length  to  enable  them 
to  be  set  to  the  required  distance  apart.  They  may  be  bought  with 
one  adjustable  point,  as  illustrated  in  Fig.  60;  or  without  the  screw 
adjustment,  as  in  Fig.  61.  The  points  are  removable  for  the 
insertion  of  a  pencil  socket  and  pencil  when  needed. 
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For  very  accurate  work,  an   excellent   tool   of   this   kind  is 
illustrated  in  Fig.  02.     The  beams  furnished  arc  4  inches  and 

13  inches  in  length.  By  the  use 
of  the  cone  center,  shown  at  V, 
which  maybe  substituted  for  the 
regular  point,  tlie  tool  can  be 
used  for  scribing  a  line  around 
any  hole  already  bored — which 
is  sometimes  a  matter  of  great 
convenience.  The  complete  set 
includes  the  pen,  pencil,  straight 
and  bent  points,  and  the  cone 
center,  as  shown  in  the  cut. 

CALIPERS. 

Calipers,  like  dividers,  are 
Fig.  61.  made  in  many  different   forms, 

with  and  without  screw  adjustment.     Fig.  03  illustrates  the  screw- 


B  C  D 

Fig.  G2A. 


adjusting  wing  calipers  for  outside  measurements;   and  Fig.  64 
the  firm-joint  outside  calipers,  used  for  thi>  same  purpose.  I 
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Inside    calipers   for    taking    inside^    dimensions    ;iiid    inside 
distances  arc  shown  in  Fig.  G5. 


Fig.  &3. 


Fig.  Gi. 


Fig.  65. 


Fig.  66. 


The  adjustable  inside  calipers  are  illustrated  in  Fig.  66. 
Calipers  are  used  for  measuring  the  distances  between  points 
external  and  internal,  when  a  rule  could  not  be  used  with  accuracy! 
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They  are  indispensable  to  the  wood  turner  for  measuring  th.- 
diameters  of  cylindrical  forms  and  other  Tvork  while  being  turned 
to  required  dimensions  m  the  lathe.  When  used  by  the  pattern 
maker,  they  may  be  applied  while  the  wood  is  revolving,  imtil  r 
has  been  reduced  almost  to  the  required  dimensions:  after  wh id, 
when  the  calii^ers  are  used,  the  lathe  should  be  stopix-d,  to  preven: 
the  surface  from  being  marked  by  the  points,  and  in  order  t. 
obtain  exact  measurements. 

The  calipers  should  not  be  pushed  or  forced  over  the  piec 
but  in  passing  over  the  finished  cylinder,  the  points  should  toucl 
it  lightlv  without  springing  the  legs  of  the  calipers;  otherwise  tl>. 
required  dimensions  cannot  be  obtained  with  accuracy. 

MISCELLANEOUS  TOOLS. 
There  remain  to  be  described  a  few  tools,  which,  while  neces- 
sar>%  are  so  common  as  hardly  to  require  either  illustration  or 


description.    Among  these  are  the  hammer,  the  best  form  of  whichi 
for  the  pattern  maker  is  shown  in  Fig.  67,  and  the  mallet,  oi. 

which  the  best  form  i- 
shown  in  Fig.  68. 

A  mallet  that  is  : 
be  used  on  the  handitj 
of    firmer    chisels    an(j 
other    pattern    makefij 
tools,     should    not    bj 
made  of  hickory  or 
lignum-\it£e,  nor  have  hard-rubber  or  hard-fibre  facing.     Mall 
th^us  made  soon  mar,  splinter,  and  destroy  the  tool-handles  ■ 


Fig.  68. 
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which  they  ;irc  used.  JiifcchwocKl  jnid  iiia[)h'  furnish  th<;  bfst 
iii;ilrri;il  for  iiuillct-hi'jnls  for  tlic  use  of  the  woodworker  wlio  works 
ill  piiK!  and  otlier  soft  wckxIs.  It  is  true  that  the  inallct-head  will 
not  last  so  long  if  made  of  beech  or  maj)le  wood;  but  the  chisel  and 
gouge  handles  will  be  protected,  which  is  a  matter  of  much  greater 
imix)rtance. 


Fig.  69. 

Of  the  screw=driver,  illustrated  in  Fig.  69,  at  least  two  or 
three  sizes  will  be  found  necessary. 

The  scratch=awl,  Fig.  70,  although  used  but  little  at  the 
work-bench  (a  knife  being  used  in  its  place  for  all  accurate 
markings),  is  indispensable  to  the  pattern  maker  for  laying  out 
the  dimensions  on  his  work. 

while  it  is  revolving  in  the  — 

turning  lathe.     It  should  be 
long  and  slender,  as  shown.  ^ '^-  '"• 

anil  is  used  on  the  revolving  wood  by  placing  it  over  the  required 
graduation  of  the  rule,  wliile  the  latter  is  held  on  the  tool  rest. 

Brads  and  suudl  wire  nails  must  often  be  driven  at  such 
an  angle  to  the  grain  of  the  wood,  or  in  such  a  position,  as  to  make 
it  necessary  first  to  bore  a  small  hole  in  order  to  start  the  brad 
in  the  required  direction.     The  brad-awl.  illustrated  in   Fig.  71, 


Fig.  71. 

is  a  convenient  tool  for  this  purpose.  It  is  commonly  ground 
to  a  chisel  point,  as  shown  at  a,  but  will  be  less  liable  to  cause 
splitting,  and  will  work  faster  and  with  greater  ease,  if  ground  to 
a  double  spear  point,  as  shown  at  h.  The  four  comers,  if  kept 
sharp,  will  enter  the  wood  and  cut  faster  than  the  chisel  point. 
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Side-cutting  pliers,  such  as  are  illustrated  in  Fig.  72,  ^vill  bo 
found  convenicMit  not  only  for  cutting  off  wire  and  brads,  but  f'oi 
removing  small  brads  and  for  holding  small  pieces  while  being 
worked  to  shape. 


Fig.  72. 
Among  the  tools  which  cannot  be  dispensed  with  are  the  brace 
and  an  assortment  of  boring  bits.     The  most  desirable  style  of 
brace  is  the  ratchet  brace,  illustrated  in  Fig.  73.    The  convenience 

of  the  ratchet  will  soon 
be  apparent  from  the 
necessity,  so  often  aris- 
ing, for  boring  holes  or 
driving  screws  (with  the 
brace)  in  angles  or  close 
to  projections  where  the 
Fig:.  73.  fnll  sweep  of  the  brace 

cannot  bo  taken.     Braces  are  made  in  many  sizes,  with  sweep 
varying  from  6  inches  to  14  inches  in  diameter. 

A  brace  with  an  8-inch  sweep  is  the  most  convenient  in  sizt' 
for  boring  holes  one  inch  or  less  in  diameter  in  soft  wood.    For 


Pig.  74. 
larger  holes,   and  especially  in  very  hard  woods,  a  10-inch    or 
12  "nch  sweep  will  be  necessary. 

Wood-boring  bits  are  made  in  many  styles.     The  most  import- 
ant are  the  auger  bits,  two  styles  of  which  are  shown  in  Fig;  74. 
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'JMicycaii  hr,  bouglit  in  sizes  rnnuing  by  sixteenths  of  an  inch  from 
\  inch  to  1  inch.  For  holes  hirger  than  one  inch,  the  No.  2 
extension  bit,  shown  in  Fig.  75,  is  the  best.  It  has  two  cutters, 
and  will  bore  a  hole  of  any  size  from  -^  inch  to  3  inches  in  diameter. 


^ 


Pig.  75. 

For  screw-holes,  the  gimlet  bit  or  the  twist  drill  for  wood, 
both  of  which  are  illustrated  in  Fig.  76,  can  be  bought  in  all  sizes 
nmniiig  by  thirty-seconds  of  an  inch  from  sV  inch  up  to  §  inch. 


Fi<r.  70. 

The  brace  screw=driver,  and  also  the  brace  countersink  for 

screw-heads,  are  important  tools.    They  are  shown  in  Fig.  77,  and 
can  bt:  l/ought  in  large,  medimn,  and  small  sizes. 


D 
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Fig.  77. 

The  half -roimd  cabinet  file  and  half-round  cabinet  rasp,  shown 
in  Fig.  78,  enter  largely  into  the  work  of  the  pattern  maker,  and 
should  be  bought  in  sizes  each  of  6  inches,  8  inches,  and  10  inches. 
Larger  as  well  as  intermediate  sizes  may  often  be  foimd  necessary, 
but  will  not  be  needed  for  ordinary  work. 
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Eveiy  pattei-ii  sliop  should  have  at  least  one  dozen  each  of 
three  or  four  different  sizes  of  hand=screws  or  clamps  similar  to 
that  shown  in  Fig.  79.  These  are  adjtistablo 
through  wide  ranges.  They  are  used  for 
clauixiing  together  the  material  that  is  being 
glued  up  to  form  the  different  parts  of  a 
pattern,  and  are  convenient  also  for  many 
other  purposes.  The  all-iron  C  clamp,  shown 
in  Fig.  80,  is  sometimes  useful  in  positions 
that  are  hard  to  reach  with  a  hand-screw. 
The  method  of  adjusting  and  of  using  the 
hand-screw  will  be  fully  exjilained  later. 

RULES. 

For  ;dl  ordinary  measurements,  a  2-foot, 
folding  Standard  rule,  Fig.  81,  will  be  suffi- 
cient, but  this  rule  must  not  be  used  for  laying 
out  or  for  working  patterns,  or  any  part  of  a 
pattern  or  core  box,  to  the  required  dimen- 
sions. For  all  such  pur^ooses  a  shrinkage 
rule  must  be  used.  The  reasons  are  that 
when  a  mould  made  from  the  wooden  pattern 
in  the  sand  is  filled  with  molten  metal,  its 
temperature  is  very  high,  and  as  it  cools  and 
solidifies  it  contracts.  According]}^  to  com- 
pensate for  this,  the  pattern  maker  must  add 
to  the  size  of  the  pattern.  Iii  order  that  this 
may  be  done,  and  exact  relations  nevertheless 
be  maintained  for  all  dimensions,  a  shrinkage 
rule  is  used.  This  rule  is  marked  off  exactly 
like  an  ordinary  rule;  biit  if  the  two  are  com- 
pared,  the  shrinkage  rule  will  be  found  to  be 
about  ^  inch  longer  than  the  other  for  each 
foot  of  length. 

The  contraction  or  shrinkage  of  dififerent 
metals  in  the  moulds  varies  greatly,  that  for 
cast  iron  being,  as  above  stated,  ^  inch  to  each  foot.  For 
brass,   however,   the   shrinkage    is  i%  inch  to   the   foot;  and  for 
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many  of  the  softer  metals    it   is   as   great   as   ^   iiu-li    per   foot. 
Shrinkage  rules,  Fig,  82,  are  usually  made  of  a  single  piece 
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Pig.  79. 

of  boxwood  or  beech,  those  for  cast  iron  being  24^  inches  long, 
for  brass  24f  inches  long,  and  for  other  soft  metals  24^  inches 


Fig.  80. 


in  length.     They  can  also  be  bought  made  of  temjjered  steel  12^ 
inches,  12^  inches,  and  12|  inches  in  length.     In  making  use 
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of  the  shrinkage  rule,  the  workman  will  proceed  just  as  though 


47 


40 


PATTEKN  MAKING 


he  were  using  a  standard  rule ;  and  when  the  pattern  is  completed 
it  will  be  found  to  be  larger  in  all  its  dimensions,  just  in  proportion 


'€2'       fe 

gn^^i"i"i^^i"i"'6ir'"i"'et'"iTf^/^f^' 

}^  IN,  PER  FT.  SHRINKAGE   }JJ                       |  | 

10      1           2 

1   3 

1   4 

1    5 

1    6 

1  7 

W    1   2,3   , 

n-TnTT[TTTTTTtTTTTtTnilllillllllllllllllllllllllilllllillllllll!/  Vllllllllllllillin  i 

Fig.  82. 
as  the  extra  length  of  the  shrinkage  rule  makes  it  greater  than 
the  standard  rule 

OIL    STONES. 

As  before  stated,  new  planes,  chisels,  cind  other  edged  tools, 
if  of  the  best  quality,  are  always  sold  ground  and  sharpened,  ready 
for  use.  When  used,  however,  they  soon  become  dulled,  and  must 
then  be  resharpened,  and  be  so  kept  as  to  have  a  smooth,  keen 
cutting  edge,  in  order  to  do  good  work  and  to  work  rapidly.  The 
method  emx)loyed  for  doing  this  is  the  same  for  all  edged  tools, 
whether  ground  and  sharpened  on  one  side  or  on  both  sides. 

Oil  stones  are  used  for  plane-irons,  chisels,  and  all  flat  and 
straight-edged  tools;  and  oil  slips,  having  rounded  edges,  for 
gouges,  and  for  all  tools  having  curved  edges.  They  are  made  of 
different  sizes,  and  may  be  found  of  many  and  widely  different 
qualities.  The  best  known  and  most  widely  used  oil  stones  in  this 
coimtry,  and  perhaps  in  the  world,  are  the  "Washita,"  of  which 
the  "Lily  White  Washita"  brand,  being  carefully  selected,  are  th(^ 
most  even  in  grade  and  quality,  and  are  the  best-adapted  natural 
stone  for  woodworkers'  tools. 

The  Arkansas  oil  stones  are  claimed  to  be  the  hardest  and 
finest  oil  stones  in  the  W'Orld.  They  are  composed  of  nearly  pure 
silica  in  the  form  of  minute  crystals  interpenetrating  one  another, 
and  differ  from  the  Washita  only  in  the  minuteness  of  the  crystals 
and  in  their  more  compact  arrangement.  They  are  consequently 
very  much  harder  and  cut  hardened  steel  more  slowly  than  coarser 
grades  of  stone,  but  impart  a  finer  and  smoother  edge  to  the  tool. 
They  are  used  by  wood-carvers,  engravers,  watchmakers,  and  others 
using  tools  that  require  a  very  fine  edge  or  point.  They  are 
expensive,  and  should  be  used  carefully  with  equal  parts  of  sperm 
oil  and  glycerine. 
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For  -wood  turners'  and  pattern  makers'  tools,  the  sharpening 
qualities  of  the  "Washita"  are  unsurpassed;  but  the  quality  differs 
greatly  in  stones  sold  under  this  name,  some  being  uneven  in 
hardness,  and  some  soft  and  worthless.  No  trouble  will  be  found, 
however,  if  some  good  selectt^l  brand  such  as  the  one  mentioned 
above  is  chosen.  A  good  size  for  an  oil  stone  is  6  inches  to  8 
inches  in  length,  and  from  Ij^  inches  to  2  inches  in  width.  The 
thickness  does  not  mattin-,  but  the  stones  iisually  vary  from  |  inch 
to  1-^  inches  in  thickness. 

The  oil  slix3  should  })e  about  4|  inches  in  length,  and  from  1| 
inches  to  2  inches  in  width,  tapering  from  f  inch  on  one  edge  to  -^ 
inch  on  the  other,  both  edges  being  rounded  as  shown  in  Fig.  83. 

In  using  the  oil  stone,  care  should  be  taken  to  hold  the  hevel 
of  the  tool  flat^  or  nearly  flat^  on  the  stone^  so  that  the  cutting 
edge  may  be  kex)t  thin  and  in  easy  working  condition.  The  stone 
is  held  stationary  on  the  work-bench,  and  the  tool  is  moved  for- 


Fig.  83. 

ward  and  backward  over  its  face.  In  the  use  of  the  oil  slip,  on 
the  other  hand,  the  tool  is  held  stationary,  with  the  cutting  edge 
or  end  up,- and  the  slip  is  rubbed  over  the  beveled  surface  with  a 
circular  motion  or  stroke,  until  a  keen,  shar^D  edge  has  again  been 
imparted  to  it.  An  abundance  of  oil  should  always  be  used  in 
order  that  a  finer  and  smoother  edge  may  be  given  to  the  tool,  and 
the  pores  of  the  stone  be  kept  clean  and  free  from  glazing. 

In  the  last  few  years  an  entirely  new  variety  of  oil  stone  and 
oil  slip  has  been  i)laced  on  the  market.  It  is  called  the  India  oil 
stone,  and  is  made  from  cormidum,  the  hardest  of  all  mineral  sub- 
stances except  the  diamond.  These  stones  have  wonderful  cutting 
qualities,  and  differ  greatly  from  other  oil  stones  in  that  they  cut 
steel  much  faster,  impart  better  edges,  and  do  not  glaze.  They 
are  also  of  uniform  texture  throughout.  India  oil  stones  are 
furnished  in  three  grades — coarse,  nuHlium,  and  fine — and  in  all 
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required  shapes,  a  few  of  which  are  shown  in  Fig.  84.  Only  the 
"fine"  stones  are  adapted  for  woodworking  tools  and  for  those 
classes  of  tools  requiring  a  fine  cutting  edge. 


D    Oi 


GRINDSTONES. 

Second  in  importance  to  a  good  oil  stone  is  the  grindstone, 
power-driven  if  ix)ssible.  It  should  not  be  too  close-grained.  A 
rapid-cutting  stone,  even  if  moderately  coarse,  is  greatly  to  bf 
preferred,  as  all  ground  edges  must  be  finished  on  the  oil  stone 
however  finely  they  may  have  been  ground  on  the  grindstone. 

A  stone  about  36  inches  in  diameter  when  new,  is  a  good  size : 
and  can  be  bought  with  a  suitable  cast- 
iron  trough  underneath,  and  also  with 
an  arrangement  for  suj)plying  the  water 
necessary  to  keep  the  stone  wet. 

In  all  stones  there  will  be  found 
great  differences  of  hardness  in  different 
parts.     Stones  soon  lose  their  cylindrical 
shape  and  must  be  turned  true.    A  piece 
^.^'^  ^<r:\     of  gas-pipe  or  an  old  file  will  be  found 

/\^  \^^     excellent  tools  for  this  purpose,  but  they 

must  be  used  without  water. 

In  using  the  grindstone  for  x^hnie- 

irons,  chisels,  and  other  tools  that  must 

be  ground  with  a  long  bevel,  or  to  a  thin 

edge,  it  is  better  to  stand  so  that  the 

stone  runs  toward  the  cutting  edge  of 

Fio  84.  the   tool,  as   shown   in    Fig.   85.     This 

position  grinds  Ihe  tool  much  faster,  and  less  of  a  feather  will  be 

turned  up  on  the  final  edge. 

Scrajjing  tools,  however,  and  indeed  all  tools  having  a  very 
short  bevel,  or  whose  edges  are  ground  to  a  very  obtuse  angle,  may 
he  held  so  that  the  stone  will  revolve  away  from  the  cutting  edge 
of  the  tool,  this  position  being  less  liable  to  cut  hollows  in  the 
face  of  the  stone.  This  method  of.  grinding,  however,  is  too  slow 
for  tools  having  a  long  bevel,  and  which  for  that  reasoTi  require 
more  grinding;. 
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When  to  use  the  grindstone  is  a  question  that  often  occurs 
to  the  beginner,  who  sometimes  confuses  the  use  of  the  grindstone 
with  that  of  the  oil  stone.  The  grindstone  is  not  in  any  sense  an 
instrument  for  sharpening  woodworkers'  tools.  When  a  chisel 
or  a  plane-iron  has  been  sharpened  on  the  oil  stone  for  several 
successive  times,  the  bevel  is  gradually  worn  shorter,  and  its  shai)e 
changed  from  that  shown  at  «,  Fig.  86,  to  a  shape  similar  to  tliat 
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Fig.  85.  '  Fig.  86. 


shown  at  b.  When  the  length  of  the  bevel  is  thus  reduced,  the 
angle  of  the  cutting  edge  is  too  obtuse  to  do  good  work,  or  to  work 
easily.  The  metal  at  c  must  then  be  ground  off  on  the  grindstone, 
and  the  bevel  of  the  tool  restored  to  its  former  correct  shape 
as  shown  at  ^,  after  which  the  cutting  edge  must  be  sharpened  and 
finished  on  the  oil  stone. 

LATHES. 

Of  all  power-driven  machines,  the  most  indispensable  to  the 
pattern  maker  is  the  wood  turning  lathe.  In  a  small  shop  where 
small  patterns  only  are  made,  a  ll-inch  or  a  16-inch  speed  lathe, 
such  as  is  shown  in  Fig.  87,  may  prove  sufficient  for  all  purposes; 
but  if  only  one  lathe  can  be  afforded,  it  should  be  a  regular  pattern- 
maker's lathe,  similar  to  that  illustrated  in  Fig.  88. 

The  latter  differs  from  the  speed  lathe  in  that  the  head-stock 
spindle  extends  through  the  left-hand  bearing,  and  is  fitted  to 
receive  face-plates  and  chucks,  the  same  as  on  the  inside  end. 

The  arrangement  of  the  countershaft  is  also  such  as  to  give  a 
much  wider  range  of  speed  to  the  lathe  head,  so  that  pieces  of 
very  large  diameter  may  be  turned  at  a  speed  proportioned  to 
their  sizes.  These  lathes  are  also  fitted  with  a  hand-feed  slide  rest 
— either  compound,  as  shown  in  the  illustration,  or  a  plain  sliding 
tool-holder  moved  by  a  rack  and  pinion,  as  may  be  desired.  The 
tail  stock  is  so  arranged  as  to  be  adjustable  for  turning  long 
cylinders,  either  tapering  or  straight,  as  may  be  required.     When 
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not  in  use  the  slide  rest  may  be  removed  from  the  latlie,  and  the 
ordinary  tool  rest  and  rest  socket  substituted  in  its  place  for  hand 
turning. 

The  speed  at  which  a  lathe  should  be  run  is  always  indicated 
by  the  manufacturer,  the  countershaft  usually  running  at  a  speed 
of  500  to  550  revolutions  per  minute. 

A  variety  of  chucks  and  face=plates,  used  for  liolding  the 
work,  are  always  furnished  with  a  lathe.     Some  of  these  are  sho^\^l 


Fig.  87. 

in  the  engraving,  the  screw  chuck  being  shown  at  <7,  Fig.  88;  and 
two  of  the  iron  face-plates  are  shown,  one  on  each  end  of  the  spindle. 
But  in  addition  to  these  face-plates,  which  really  form  the 
base  only  for  chucking  the  pattern,  wooden  chucks  must  be 
used  intermediate  between  the  iron  face-plate  and  the  pattern. 
These  wooden  face-plates  are  constructed  in  a  variety  of  ways  by 
different  pattern  makers;  but  for  small  patterns  it  is  necessary  to 
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usG  only  a  plain  board  §  inch  to  1^  inches  in  thickness  and  of  a 
slightly  greater  diameter  than  the  required  pattern.  This  board  is 
screwed  fast  to  the  iron  face-plate  as  shown  in  Fig.  89,  to  which, 
after  being  placed  in  the  lathe  and  turried  true,  the  pattern  is 
attached,  as  will  be  fully  illustrated  and  described  farther  on.    For 


Fig.  88. 

patterns  of  a  medium  size,  say  20  inches  to  30  inches  in  diameter, 
the  board  should  be  stiffened  by  means  of  a  wide  wooden  bar  firmly 
screwed  across  the  back,  as  in  Fig.  90. 

When  chucks  are  needed  for  very  large  or  hea\y  work, 
the  chuck,  in  order  to  prevent 
vibration,  must  be  strong  in 
proportion.  It  is  best  made 
as  illustrated  in  Fig.  91,  in 
which  the  front  of  the  chuck, 
as  shown  at  a,  will  be  least 
affected  by  the  moisture  in  the 
air  if  left  miglued,  or  at  best  ^^^^^^^^  g. 

only    tongued    and    grooved,  ^^S-  89, 

being  held  together  by  the  cross-bars  only,  as  shown  at  5,  to  which 
it  is  firmly  screwed,  without  glue.  This  chuck  is  simple  and  cheap, 
viMd  will  be  found  in  practice  much  stronger  and  more  rigid  than 
one  built  up  out  of  sectors  or  in  a  more  elaborate  way. 
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LATHE    TOOLS. 

Of  lathe  hajid  tools  the  first  to  be  considered,  as  also  the  first 
to  be  used,  is  the  gouge.  It  is  used  for  reducing  the  stock  to 
be  turned,  from  a  rough  or  rectangular  shape  to  a  cylindrical  form, 
preparatory  to  smoothing  and  finishing.  It  is  groimd  and  beveled 
on  the  back  or  convex  side,  and  the  shape  of  the  cutting  edge 

should  be  of  the  same  curva- 
ture as  the  inside,  or  upper 
side,  of  the  tool.  Gouges  arc 
made  in  all  sizes,  one  of  which 
is  illustrated  in  Fig.  92;  but 
for  the  pattern  maker's  use 
four  gouges,  ranging  from 
^  inch  to  1^  inches^  will  b( 
found  sufficient  for  all  pur- 
Fig.  90.  poses. 
Before  using  the  gouge,  and  indeed  any  lathe-cutting  tool, 
the  workman  should  take  care  to  see  that  the  tool  rest  has  been 
elevated  above  the  center  line  of  the  lathe  centers,  from  ^  inch  for 
small  work  to  1  inch  or  more  for  large  work.  The  position  of  the 
gouge,  when  in  use,  is  horizontal  and  at  about  a  right  angle  to  the 


a  Fig.  91.  b 

tool  rest.  It  should  not,  however,  be  laid  on  the  rest  so  as  to  use 
only  the  extreme  point  of  the  tool,  but  should  be  tilted  over,  first 
to  one  side  and  then  to  che  other,  so  as  to  bring  all  parts  of 
the  cutting  edge,  successively,  in  contact  with  the  wood  that  is 
being  turned. 


54 


PATTERN  MAKING  47 


The  gouge  may  be  used  by  the  beginner  without  hesitation, 
as  in  no  position,  whether  tilted  or  on  its  back,  will  it  catch  or  rip 
into  the  wood.  The  tool  should  be  held  firmly  by  the  extreme  end 
of  the  handle,  in  the  right  hand,  while  the  left  hand  rests  against 
the  tool  rest,  the  blade  of  the  tool  being  grasj^ed  lightly  with  the 
fiiig(>rs,  and  passing  through  and  under  the  left  hand  while  resting 
on  till"  tool  rest. 


Fig.  92. 

The  turning  gouge,  being  curved,  can  be  used  only  as  a 
roughiug-down  tool  or  for  turning  out  hollows,  and  cannot  be  used 
for  finishing.  It  will  not  make  a  straight,  true,  or  smooth  surface. 
For  this  purpose,  in  common  and  ornamental  turning,  the  skew 
chisel,  one  size  of  which  is  shown  in  Fig.  93,  is  used.  This  form 
of  chisel  is  made  in  all  sizes  from  ^  inch  to  2^  inches  in  width,  but, 
unlike  the  gouge,  requires  considerable  practice  and  skill  for  its 
successful  use. 


Fig.  93. 

The  skew  chisel  is  held  slightly  tilted  so  that  while  the  short 
edge  of  the  blade  touches  the  tool  rest,  the  long  edge  will  be 
slightly  above  the  rest,  so  that  the  long  corner  of  the  skew  point 
extends  vp  and  well  over  the  cylinder  which  is  being  smoothed, 
thus  preventing  the  long  skew  point  from  catching  and  tearing 
into  the  work.  All  the  cutting  must  be  done  with  the  short  part 
of  the  skew  edge,  say  one-half  inch  only  of  the  cutting  edge, 
the  tool  resting  not  only  on  the  tool  rest,  but  resting  also  firmly 
on  the  cylinder  that  is  being  turned,  just  as  a  plane  rests  on  a 
board  while  cutting  and  removing  the  shavings  from  its  surface. 
The  right  position  for  this  tool  is  hard  to  obtain  at  first,  and  can 
be  acquired  only  by  patient  and  continued  practice.  In  no  case, 
however,  should  the  skew  chisel  be  held  flat  on  the  tool  rest, 
or  used  as  a  scraper,  this  not  being  allowable  or  good  practice 
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either  in  common  or  in  ornamental  turning.  One  ski'w  chisel 
each  of  the  ^-ijich,  ^-inch,  1-inch,  and  1^-inch  sizes  will  be  fomul 
sufficient  for  all  ordinary  work. 

While  the  skew  chisel  works  with  great  rapidity  and  does 
smooth  and  very  satisfactory  work  in  all  kinds  of  ornamentnl 
turning,  the  dimensions  obtained  with  this  tool  are  not  so  accurat* 
for  pattern  work  as  those  obtained  by  the  regular  pattern  maker's 
scraping  tools.  These  tools,  whatever  may  be  the  shape  of  the 
points  or  cutting  edges,  are  all  flat  like  the  skew  chisel,  and  are 
Right  ground  or  beveled  on  one  side  only. 
Indeed  there  is  no  better  wide  scraping 
L>ft  tool  for  large  surfaces  than  a  common 

firmer    chisel    after  it  has  been  worn 
pPfn[        short  so  as  to  be  free  from  vibration. 

Scraping  tools   are  made  in  many 

Point        forms  and   shapes,  and  are  ground  by 

the  workman  to  suit  the  requirements 

Square 

Point        of  his  work.     A  few  of  the  many  shapes 


> 


J) 


Fig.  91.  in  common  use  are  illustrated  in  Fig.  94. 

These  tools  should  be  ground  with  a  very  short  bevel,  and 
must  be  sharpened  much  oftener  than  a  cutting  tool.  Thf 
revolving  wood,  passing  at  right  angles  to  the  sharp  t>dge  wears 
it  away  more  quickly  than  it  can  a  cutting  tool,  for  the  latter  is  also 
worn  away  on  the  slanting  side  of  the  bevel. 


^ 


Fig.  95. 

A  very  necessary  tool  for  all  kinds  of  wood  turning  is  the 
parting  or  cutting=off  tool,  shown  in  Fig.  95.  This  is  used  n> 
a  scrai>ing  tool  for  cutting  recesses  in  the  work  and  for  cutting  oil 
finished  work  from  the  face-plate,  and  will  also  be  found  iiseful 
for  many  other  purposes. 

SAWING  MACHINES. 

As  a  time-saving  and  labor-saving  machine  a  good  circular 
saw   bench   is   necessary   in  every  well-equipped  pattern    shop, 
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T]i(5   saw   bench  of   which    two    views   are   shown  in  Fig.  96,  is 
unsurpassed  in  capacity  and  in  the  variety  of  work  for  wliicli   jt 


Fig.  96. 


may  be  used.     It  is  provided  with  two  saw  arbors,  ou(^.  of  them 
carrying  a  rip  and  the  other  a  crosscut  saw,  either  of  which  can 
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easily  and  tiuickly  be  raised  to  a  cutting  position.     The  front  half 
of  the  table  is  made  to  slide,  while  the  whole  table  can  be  tilted  to 

an  angle  of  45°,  and  will  re- 
main in  any  position  desired 
without  clamping.  As  shown, 
it  is  provided  with  adjustable 
gages  for  crosscutting  or 
mitering,  and  with  an  adjust- 
able fence  for  ripping,  all  of 
which  are  removable  at  will, 
leaving  the  whole  upper  sur- 
face of  the  table  clear.  Fig.  97 
gives  a  view  of  the  table  from 
above.  As  in  the  case  of  the 
turning  lathe,  the  intended 
speed  of  the  saw  countershaft 
is  indicated  by  the  manufac- 
turer. 


Fig.  97. 


Fig.  98. 
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The  single-arbor  circular  sav/-  bench  shown  in  Fig.  98 
is  a  less  expensive  machine  than  that  jnst  described;  but 
the  time  lost  in  having  continually  to  change  the  saw  on  the 
single  arbor  from  rip  to  crosscut  and  back  again  for  pjitteni 
work,  is  a  very  annoying  as   well   as   expensive   inconvenience. 


BAND   AND   SCROLL   SAWS. 


A  good  band  saw,  such  as  the  one  illustrated  in  Fig.  99,  is 
indisp-nsable  for  cutting  the  curves  and  irregular  shapes  that 
form  a  part  of  so  many  patterns...    The  best  machines   of  this 

description  have  a  tilting  table 
which  can  be  set  and  clamijed 
at  any  angle,  enabling  the 
workman  to  give  the  required 
level  or  draft  to  his  work. 
T^  ith  a  sharp  and  well 
kei3t  saw,  there  is  no  more 
rapid  or  correct  metJiod  of 
cutting  out  and  making  cir- 
cular core  boxes  of  all  sizes 
whose  length  is  within  the 
capacity  of  the  machine.  The 
block  from  which  the  core  box 
is  to  be  made  must  be  cut 
perfectly  square  on  the  end 
that  is  to  rest  on  the  saw 
table;  and,  if  this  end  of  the 
block  is  not  large  enough  to 
give  sufficient  base  to  hold  it 
in  an   upright   position,  the 

block  can  be  supported  against 
jthe  blade  of  a  try-square,  or,  better  still,  against  a  wooden  bracket 
jinade  for  the  purpose. 

I  The  scroll  saw,  illustrated  in  Fig.  100,  is  necessary  for  cutting 
jinside  curves  and  openings  in  which  a  band  saw  could  not  be  used, 
^ike  the  band  saw  it  should  have  a  tilting  table.  Where  both  saws 
pannot  be  afforded,  the  scroll  saw  will  take  the  place  of  both. 
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Whili',  not  ^vorking  so  rapidly  as  tho  coutiimonsly  cutting  bkde 
of  the.  band  saw,  it  is,  when  kept  sharp  and  in  good  rmmmg 
condition,  a  great  time-  and  labor-saving  machine. 

PLANING    MACHINES. 

Because  of  the  fact  that  pattern  lumber  can  be  bought  already 
dressed  to  any  required  thickness,  a  planing  machine  is  not  foimd 

in  every  pattern  shop.  The  ordi- 
nary •  surface  planer,  however, 
will  not  take  the  twist,  or  wind 
{i  as  in  find),  and  the  curves 
out  of  the  surface  of  the  lumber 
—  a  matter  of  very  great  import- 
ance in  pattern  work,  and  one 
which  requires  a  great  deal  of 
time  if  the  planing  is  done  by 
hand. 

The  hand  planer  and  jointer, 

illustrated  in  Fig.  101,  is  almost  | 

indispensable,  not  only  for  fac-; 

ing  the  sides  of  boards  perfectly; 

true,   straight,    and    free    fromj 

wind,  but  also  for  jointing  thej 

edges,  and  for  making  perfectly-j 

fitting  glue  joints  in  a  manner 

superior    to    any     hand    work 

These  machines  can  be  bough 

in  widths  of  from  twelve  to  thirt^ 

inches.     A  machine    sixteei 

inches  wide  is  a  very  desirabL 

size  for  pattern  work. 

It  will  readily  be  seen  th.i 
the  running  of  a  board  over  tli 
hand  planer,  while  facing  th 
surface  straight  and  true,  will  not  rediice  the  piece  to  a  unifori 
thickness.  To  avoid  the  necessity  for  much  hand  work  in  accon 
pushing  this  result,  first  face  the  piece  on  the  hand  planer  so  . 
to  make  one  true  side,  and  then  run  it  through  a  surface  plan. 
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similar  to  the  one  illustrated  in  Fig.  102.  If  they  can  be  afforded, 
both  of  these  machines  (especially  the  hand  planer)  will  return 
large;  profits  on  the  money  invested  in  them,  because  of  the  time 


Fig.  101. 

and  labor  saved  and  the  superior  quality  of  the  work  done. 

Among  the  many  labor-saving  tools  of  late  years,  there  is 
perhaps  none  more  popular  and  none  more  indisi^ensable  in  a 


Fiff.  102. 


pattern  shop  than  the  universal  wood  trimmer.  It  will  cut  any 
?nd  or  angle  within  the  capacity  of  the  machine;  and  an  end 
^hich  would  take  from  ten  to  fifteen  minutes  to  square  and  true  up 
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correctly  by  hand  with  square  and  phmc  or  chis.l,  can  be  finish.cl 
in  ss  raany  seconds  with  this  tool.  It  is  made  in  many  sizes,  .rom 
the  small  bench  trimmer,  two  views  of  which  are  shown  m  Fig  103, 
to  the  large  machine  illustrated  in  Fig.  104.  The  former  will  cm 
6  inches  wide  and  3  inches  high.  The  larger  machine  will  cut  20, 
inches  wide  and  to  a  height  of  7|  inches. 


Fig.  103— Front  View. 


Fig.  103— Rsar  View. 


The  small  No.  0  machine,  shown  in  Fig.  103,  is  so  com-j 
paratively  inexpensive,  and  the  time  it  will  save  so  f  ^^^  ^o  ^^y| 
nothing  of  the  quality  of  the  work  produced,  that  it  should  be  on; 
the  bench  of  everj^  pattern  maker.  These  machines  will  cut  the 
acute  angh^s  between  45°  and  90°,  and  the  obtuse  angles  between 
90°  and  135°. 
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Pig.  104. 

METHODS  OF  MOULDING. 

As  has  already  been  said,  it  is  necessary  that  the  j)atternma\er 
shoidd  have  some  knowledge  of  moulding  in  order  that  he  may 
construct  his  patterns  so  that  they  can  easily  be  removed  ^-om 
th(^  sand.  A  brief  description  of  the  general  method  employed  "r.il 
suffice.  \ 

Ordinarily,  a  casting  is  l^de  in  a  flask  consisting  of  two 
parts,  each  containing  its  complwient  of  sand.  The  upper  part  is 
called  the  cope,  and  the  lower  part  the  nowell  or  drag.  The 
pattern  is  sometimes  made  in  two  pieces  that  part  along  the  line 
separating  the  cope  and  the  drag.  Tims  in  Fig.  105  the  pattern 
separates  with  the  flask,  on  the  line  A  B;  and  when  so  separated, 
the  cope  is  turned  upside  down  and  the  portion  of  the  pattern  C  is 
lifted  out.     The  part  D  is  lifted  out  of  the  drag  in  the  same  way. 
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In  the  case  of  moulding  a  hollow  object,  the  internal  cavity  in 
the  casting  is  formed  by  means  of  a  dry  sand  core,  which  rests  in 
impressions  made  in  the  sand  by  core  prints  attached  to,  and 

forming   a    i^art    of, ,  the    pattern. 

To  illustrate  this,  let  it  be  required 

to  cast  the  hollow  cylinder  shown 

in  Fig.  106.     The  wooden  pattern 

Fig.  105.  necessary  to  produce   this   hollow 

cylinder  is  shown  in  Fig.  107,  which,  as  will  be  seen,  represents 

the  cylinder  only  externally  by  the  part  A. 

The  core  prints,  one  on  each  end  of  A,  are  represented  by  di 
and  y.  These  projections  form  part  of  the  pattern,  and  make  their 
Impressions  in  the  sand  with  the  part  A,  which  alone  represents 
the  required  cylinder.  The  core  box,  in  wliich  the  dry  sand  core 
is  formed,  is  shown  in  Fitr.  108.     The  leno;th  of  the  inside  of  the 


X 
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Fig.  106.  Fig.  107. 

box  will  be  the  extreme  length  of  the  pattern  including  x  and  j/j 
and  the  inside  width  will  be  the  exact  diameter  of  the  core  prints. 
In  this  case,  the  core  being  a  cylinder,  only  a  half  core  box  (Fig. 
108)  is  used.  In  it  are  made  two  semi-cylindrical  cores,  which, 
after  being  dried,  are  cemented  together,  thus  forming  the  com- 
plete cylindrical  core  required. 

To  mould  this  halved  or  partea  pattern  as  it  is  called,  the 
upper  half  of  the  pattern  is  laid  on  the 
moulding  board,  and  tlie  di'ag  is  turned 
over  it  with  the  bottom  side  of  the  drag 
up  and  the  parting  side  on  the  mould- 
ing board,  as  shown  in  Fig.  109.  After 
being  "rammed  up,"  the  drag  and  mould-  Fig.  108. 

ing  board  are  turned  over  and  the  board  removed,  when  the  part- 
ing of  the  pattern  will  be  exposed,  the  half  pattern  being  imbedded 
in  the  sand. 
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The  second  half  of  the  pattern  is  now  ijlaced  in  position  on 
the  first,  and  dry'  parting  sand  is  spread  over  the  surface  of  the 
w(<tor"groon"  sand;  the  cope  is  put  in  ixDsition  on  the  drag,  as 
sho^^^l  in  Fig.  110,  and  rammed  np.     UiK)n  the  cope  and  the  drag 


I 


Fig.  109. 

Fig.  110. 

bcMng  separated,  th(^  sand  will  separate  on  thn  line  to  which  the 
ixirting  sand  has  been  aijplied,  which,  as  will  be  seen,  is  the  line 
of  parting  of  the  cope  and  the  drag,  one  half  of  the  jxittem  remain- 
ing in  each. 
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Fig.  111. 

After  the  pattern  has  been  removed  (one  half  from  the  cope, 
and  the  other  half  from  the  drag),  the  completed  dry  sand  core  is 
placed  in  the  moulds  made  by  the  core  prints  x  and  ij.  This  core 
B  is  shown  in  position 
iu  Fig.  Ill  and  entirely 
fills  the  parts  of  the 
mould  made  by  x  and  y, 

leaving    between    itself  Fig.  112. 

and  the  surface  of  the  mould  made  by  A,  room  for  the  metal  to 
be  poured  which  is  to  form  the  required  cylinder. 

In  moulding  the  above  cjdinder  it  is  not  necessary  that  the 
pattern  should  be  parted  (made  in  two  halves)  as  shown  in  Fig. 


65 


PATTERN  MAKING 


107.  Patterns  for  small  work,  and  oven  for  large  castings,  are 
often  made  in  one  piece,  as  shown  in  Fig.  112.  To  mould  this 
solid  pattern  it  is  placed  on  the  moulding  board  witli  sufficient 


Pig.  113. 


Fig.  114. 


sand  to  keep  it  from  rolling,  and  the  drag  is  inverted  over  it  as 
before.  When  the  drag  has  been  rammed  up,  it  is  turned  over, 
and  will  then  present  the  appearance  shown  in  Fig.  113,  the  entire 

pattern  being  embedded  in  the 
sand.  The  sand  is  now  cut  away 
and  removed,  as  shown  in  Fig.  114, 
down  to  the  center  line  of  the 
pattern.  The  cut  sand  is  smoothed; 
and.  aftc^r  dry  parting  sand  has 
been  applied  to  the  surface  of  the 
wet  sand,  the  cope  is  placed  in 
position  and  rammed  up  as  usual. 
Upon  the  cope  being  removed,  the  sand  will  part  along  the 
lines  d  e  and  c  rf,  leaving  one-half  of  the  entire  pattern  exposed. 
The  pattern  can  now  be  lifted  out,  the  core  placed  in  position, 


Fig.  115. 
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Fig.  116. 


and  the  cope  returned  to  its  place  on  the  drag,  when  it  is  ready  for 
the  i)ouring,  as  in  Fig.  111. 

Another  example  of  a  one-piece  pattern  is  the  small  brass  handj 
wheel  shown  in  Fig.  115.     The  pattern  for  this  wheel  is  placed  on 
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the  moulding  board,  and  the  drag  inverted  over  it  and  rammed  np. 
After  the  drag  has  b(^en  turned  over,  the  sand  is  cut  away  and 
removed,  not  oidy  down  to  the  center  of  the  rim,  but  also  to  the  cen- 
ter line  of  the  four  arms,  as  shown  by  the  dotted  lines  in  Fig,  116. 


Fig.  118. 


Fig.  117. 


Vis.  119. 


All  cut  surfaces  of  the  sand  are  smoothed,  parting  sand  is  sprinkled 
over  the  x^arting  thus  made,  and  the  cope  is  placed  in  position  and 
ranmied  up.  "When  the  cope  is  lifted  off,  the  sand  will  part  half 
way  down  on  the  arms  and  rim,  allowing  the  pattern  to  be  taken 
out  with  ease. 

Still  another  example  in  which  a  single-i3iece  pattern  can  be 
used,  is  sliown  in  the  journal- 
box  cax3  illustrated  in  Fig.  117. 
A  cross-section  of  the  pattern 
through  two  of  the  bolt-hole  core 
prints  is  shown  in  Fig.  118.  The 
pattern  is  jjlaced  on  the  moulding 
board  in  the  inverted  drag  and  is 
rammed  up  as  usual.  When  the 
drag  is  turned  over,  the  jjosition 
of  the  pattern  in  the  sand  is  as 
shown  in  cross-section  in  Fig.  119. 
The  sand  that  may  have  entered 

the  cui-ve  c  d  e  is  lifted  out,  and  the  necessary  "draft"  is  given 
to  the  sand  at  the  two  ends  of  the  opening  c  d  e,  as  shown 
at  a.  Fig.  120.  The  cope  is  next  placed  in  xjosition,  and  when  this 
has  been  rammed  u^)  and  lifted  off,  the  sand  lying  in  the  curve  c  de 


Fig.  120. 
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will  be  lifted  with  it.  The  pattern  is  now  removed;  the  bolt-hole 
cores  are  placed  in  position;  and  the  cope  is  returned  to  its  place 
on  the  drag. 

Ill  this  case  the  core  prints  should  be  in  lengtli  at  least  twice 
the    thickness  of  the   metal 
throujrh  which  the  hole  is  to 
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be  cast,  and  the  length  of 
the  cores  will  be  eqiial  to  the 
thickness  of  the  metal  i)lns 
the  length  of  the  prints. 

In  the  small  sheave  pully, 
Fig.  121,  we  have  an  exami)l(; 
of  a  casting  the  construction 
of  the  pattern  for  which,  so  as 
to  make  it  easily  removable  from  the  sand,  may  give  some  trouble  to 
the  beginner.  The  pattern  is  sliown  in  cross-section  in  Fig.  122,  and 
is  moulded  in  a  two-part  flask.     At  first  it  would  seem  impossible 

to    place    the    pattern    in    the      _  

sand  so  that  either  half  could  be        ^wv>v»'»»»^^;^^^^^!)!»V'»»y>»7 
removed  when  the  cope  and  drag 
are  separated  on  the  parting  line  '^'  ^ — 

of  the  pattern.  This  is  readily  accomi)lished,  however,  as  follows: 
The  half  pattern  C  is  placed  in  the  inverted  drag,  wdth  the  part- 
ing downward  oil  the  moulding  board,  and  is  rammed  up  in  the  usual 
way.    After  the  drag  is  turned  over,  the  sand  is  cut  away  and 
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Fig.  12.3. 

removed  to  the  center  of  the  rim  edge,  as  shown  in  Fig.  123.  The 
cut  is  carefully  smoothed,  and  parting  sand  applied  to  the  cut 
surface.  The  part  A  of  the  pattern  is  placed  in  position  on  C,  and 
is  rammed  up  carefully,  the  sand  being  then  cut  away  to  the  center 
of  the  rim  edge  of  A.  Parting  sand  is  applied  to  the  new  surface, 
after  which  the  cope  is  placed  in  position  and  rammed  up. 
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When  the  coi^e  and  drag  have  been  separated,  the  upijer  lialf  A 
of  the  iDattem  is  taken  out,  and  the  coi)e  is  returned  to  its  place  on 
the  drag.  The  whole  flask  is  now  turned  over,  and  the  drag  lifted 
off  tlie  cope,  when  tlie  ring  of  green  sand  Z,  Fig.  124,  will  rest  on 
tlie  cope  sand  and  the  i)art  C  of  the  pattern  is  taken  out.  We  thus 
have  two  partings  of  the  sand  mould,  but  only  one  parting  of  the 
Hask. 


Fig.  124. 

Many  other  examples  might  be  given,  as  the  case  of  the 
common  two-flange  pulley,  which,  when  small,  is  often  moulded  in 
this  way. 


Fiff.  126. 
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Fig.  127. 

It  is  frequently  the  case  that  parts  of  the  pattern  will  over- 
hang so  that  the  pattern  cannot  be  removed  from  the  sand  in  any 
direction,  even  if  parted.  In  such  cases  the  overhanging  parts  are 
fastened  loosely  to  the  main  part  of  the  pattern  by  wires  or  wooden 
pins.  An  exami)le  of  such  a  casting  is  shown  in  the  slide.  Fig. 
125.  A  cross-section  of  the  pattern  for  this  slide  is  shown  in 
Fig.  126,  in  which  the  two  overhanging  parts  are  held  in  posi- 
tion by  the  use  of  pins.    After  being  rammed  up,  the  part  A  is 
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removed,  leaving  the  parts  5  and  c  still  in  tlieir  positions  in  the 
sand,  as  in  Fig.  127-  Tliese  may  now  be  carefully  moved  toward 
the  center  of  the  opening  and  lifted  out 

In  some  cases  there  is 
not  sufficient  room,  "v^hen  the 
main  part  of  the  pattern  has 
been  taken  from  the  mould,  to 
remove  the  jirojecting  pieces. 
In  such  cases,  the  overhang- 
ing pieces  or  projections  must 
be  made  by  using  dry  sand 
cores.  To  illustrate  this,  we 
shaU  consider  the  pattern  for 
the  small  cast-iron  turbine 
case  illustrated  in  Figs.  128 
'  and  129.  A  section  view  of 
the  casting  through  A  B  (Fig. 
129)  is  given  in  Fig.  180. 

The  pattern  is  parted  on  the 
line  C  D  and  will  form  its  own 
core.  The  boss  «,  however, 
wiU  i^revent  the  main  part  of 

the  pattern  from  being  removed  from  the  sand,  and  if  a  were  made 

loose  it  could  not  be  taken  out  through  the  narrow  space  made  by 

the  thin  side  of  the  pattern.  ^_ 

To  overcome  this  difficulty  a 

core  print  is  fitted  on  the  side, 

extending  from   the  Darting 

line  C  D  to  the  bottom  edge 

of  the  pattern,  as  illustrated 

in  Figs.  181  and  132;  and  in 

the"  impression  made  by  this 

core  print  a  dry  sand  core, 

formed  in  the  core  box  shown 

in  Fig.  133,  is  placed.     It  will 
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readily  be  seen  that  this  core  will,  in  connection  with  the  pattern. 
form  a  mould  which  will  give  the  casting  required. 

Examples   in  "Methods   of  Moulding"  could  be  multiplied 
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indefinitely,  but  the  foregoing,  wo  think,  will  give  such  suggestions 
as  '<vjll  enable  the  beginner  in  pattern  making  to  construct  all 


Fiff.  133. 


Fig.  132. 
ordinary  patterns  so  that  they  can  easily  be  nnnoved  from  the 
sand  without  injury  to  the  mould. 

PATTERNS  FROM  DRAWINGS. 

As  already  explained,  the  pattern  maker  must  understand 
working  drawings  in  order  to  construct  patterns  from  them  directly. 
These  drawings  are  usually  made  to  a  scale  much  less  than  the 
actual  size  of  the  required  work,  and  always  represent  the  com- 
pleted ov finished  machine  or  one  of  its  parts. 

Drawings  are  made  for  the  machine  shop  to  guide  the  machinist 
in  cutting,  turning,  planing,  and  fitting  the  parts  given,  so  as  to 
produce  in  the  castings  the  shapes,  sizes,  and  general  requirements 
of  the  articles  to  be  constructed.  Hence  there  is  less  liability  for 
mistakes  after  the  castino-s  reach  the  machinist,  as  he  lias  before 
him  not  only  the  drawing  with  its  accurate  dimensions  to  work 
from,  but  also  the  castings  for  the  machine  or  its  parts,  from  all 
of  which  the  construction  and  uses  of  these  several  parts  can 
easily  be  understood. 

On  the  other  hand,  the  pattern  maker,  with  the  aid  of  the 
same  drawing,  must  imagine  the  casting  before  him,  and  must 
build  something  in  wood  which  will  produce  tliat  casting  in  metal. 
This  pattern,  in  some  cases,  will  be  a  duplicate  of  the  required 
casting,  but.  more  often  it  has  only  a  general  resemblance  to  it, 
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with  core  prints  attached,  and  is  external  only,  with  nothing  to 
show  the  internal  openings,  chambers,  and  winding  passages  that 
mnst  be  providt^d  for  by  "coring."  The  core  boxes,  in  which  the 
cores  are  to  be  formed,  are  not  shown  in  the  drawings  furnished  to 
the  pattern  maker,  but  must  be  ijrovided  by  him  in  correct  shapes 
and  sizes,  in  addition  to  the  pattern  itself  with  its  added  core  prints. 
In  building  a  j)attern  the  workman,  as  before  stated,  nnist 
allow  for  shrinkage.  He  must  also  allow  for  draft  and  for  finish. 
Shrinkage.  The  shrinkage  of  cast  iron  when  cooling  in  the 
moulds  is,  as  has  before  been  stated,  about  ^-  inch  to  each  foot, 
and  the  manner  of  obtaining  the  exact  sizes  for  different  parts  of 
the  pattern  has  been  explained  under  the  head  of  "Rules'" 
(page  38).  For  brass  or  bronze  castings  a  greater  allowance  must 
be  made,  averaging  -re  inch  to  each  12  inches.  Shrinkage  rules  for 
brass  {ra  inch  to  the  foot)  can  be  obtained,  and  must  be  used  for 
all  patterns  made  from  brass. 

Draft.     After  shrinkage,  the  second  point  of  importance  in  a 
well-made  pattern  is  draft.     By  this  term  is  meant  the  bevel  or 

taper  made  on  all  vertical  parts  of  the 
pattern  so  that  it  can  easily  be  lifted 
from  the  sand  without  injury  to  the 
mould.  This  is  best  illustrated  as  in 
Fig.  134,  in  which  it  will  be  seen  that 
'f  the  diameter  of  a  pattern  at  a  were  to 
be  the  same  as  that  at  J,  the  latter  point 
would  drag  over  the  whole  length  of  the 
sand  until  it  reached  the  former  point. 
As  the  sand  is  held  together  only  very 
lightly,  this  dragging  would  be  likely  to  dislodge  some  of  the 
particles  and  make  it  necessary  to  mend  the  mould.  In  order  to 
avoid  this,  th(;  diameter  at  a  is  made  slightly  greater  than  at  I>,  so 
that  the  body  of  the  gland  is  tax)ering,  and  the  moment  it  is  started 
out  the  whole  surface  from  «  to  J  is  clear  of  the  sand  and  can  be 
removed  without  injury  thereto.  This  difference  in  the  diameters 
at  a  and  I  is  called  the  draft  of  a  xjattern.  The  amomit  of  draft 
depends  upon  th(^  length  of  the  part  that  is  to  be  drawn  out  of  the 
sand. 
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The  allowance  for  dT;rift  varies  witli  the  i^attern,  atid  is  often 
greater  or  less  on  different  parts  of  the  same  pattern.  For  exaniijlc, 
the  draft  on  the  outside  of  the  pattern  of  a  pulley  rim  24  inches  in 
diameter  and  0  inches  face,  should  be  ^  inch  to  the  foot,  while  on 
the  inside  of  the  rim  and  on  the  hub  of  the  pully  it  should  be  in  the 
ratio  of  |  inch  to  th(^  foot.  The  reason  for  this  difference  is  that 
the  face  of  the  rim  is  often  turned  and  finished  st might,  and  for 
that  reason  the  least  ]X)ssible  amomit  of  draft  that  will  allow  of  the 
pattern  being  removed  from  the  sand  should  be  used;  while  on  the 
inside  of  the  rim  a  greati^r  amount  of  draft  strengthens  the 
metal  rim,  which  must  sustain  the  strain  and  i)ressure  of  the  belt. 
In  general  the  draft  should  be  from  ^  inch  to  f  inch  for  each  12 
inches,  the  latter  amount   in  all  cases  where  the  removal  of  the 


Fig.  135. 

metal  thus  added  will  not  greatly  increase  the  expense  of  working 
the  casting.  To  obtain  any  required  amount  of  draft  correctly,  a 
draft  template,  kept  with  other  tools  and  templates,  will  be  found 
convenient  and  useful,  saving  much  time  when  changing  from  one 
ratio  of  draft  or  bevel  to  another.     It  is  made  as  follows: 

Take  any  straight-grained  board  14  inches  to  16^  inches  long 
and  12^  inches  wide,  as  shown  in  Fig.  135.  Having  jointed  the 
edge  a  perfectly  straight,  draw  the  line  h  perpendicular  to  the  edge 
and  12  inche§  long,  using  a  square  and  a  sharp- pointed  knife  (not  a 
scratch-awl  or  a  lead  jpencil) .  On  the  edge  a  carefully  measure  \ 
inch  on  each  side  of  h;  and  at  the  upper  extremity,  with  the  same 
care,  measure  f  inch  on  each  side  of  h;  connect  the  last  two  points 
thus  found  with  the  first  two  on  the  edge  a,  by  a  sharp  knife  line, 
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and  the  result  will  b(»  a  right  and  left  slanting  line,  having,  with 
reference  to  the  iDerpendicnlar,  a  slant  of  ^-  inch  to  a  foot.  These 
lines  should  each  be  marked  "^-  inch,"  as  shown  in  the  drawing. 

Now  tli'aw  a  second  perpendicular  <",  at  a  distance  of  11  inches 
or  2  inches  from  the  first.  On  the  edge  of  the  board  a^  again 
carefully  mark  off  \  inch  on  each  side;  at  the  other  extreme  mark 
off  ^6  iiich  on  each  side  of  c,  and  again  connect  the  latter  points  witli 
the  former.  The  result  will  be  a  taper  of  -^  inch  to  a  foot.  Again 
repeat  the  process,  making  the  taper  \  inch,  and  lastly  §  inch,  to  a 
foot.  Mark  the  pairs  of  right  and  left-hand  tapers  respectively  h 
inch,  -^  inch,  \  inch,  g  inch,  as  shown.  These  lines  having  been 
obtained  iDermanently,  the  width  of  the  board  may  be  cut  down 
from  12^  inches  to  6  inches  (as  shown  by  the  dotted  line  A  B),  and 
the  board  then  shellaced. 

To  use  this  temi^late,  place  the  bevel  against  the  edge  a  of  the 
board,  and  carefully  adjust  the  blade  to  the  ^  inch,  -yq  inch,  or 
other  draft,  right  or  left  as  may  be  required.  It  will  readily  be  seen 
that  whatever  may  be  the  width  of  the  surface  to  which  the  bevel 
is  applied,  the  taper  or  draft  will  be  in  the  exact  proportion-  of  the 
given  amomit  for  each  12  inches. 

Finish.  The  term  iinish^  in  ijattern  making,  refers  to  the 
additional  amount,  after  shrinkage  and  draft,  which  must  be  added 
to  the  j)attern  in  places  where  the  casting  is  to  be  planed,  turned, 
chipped  and  filed,  or  "fitted,"  in  the  machine  shop.  The  amount 
that  is  to  be  so  added  is,  to  a  certain  extent,  though 
not  wholly,  independent  of  the  size  of  the  piece.  For  small 
articles  whose  longest  dimension  does  not  exceed  three  or  four 
feet,  an  addition  of  ^  inch  to  the  surface  to  be  finished  is  usually 
sufficient.  For  larger  dimensions  it  may  be  necessary  to  add  as. 
much  as  \  inch  or  |  inch,  but  very  rarely  more  than  this.  In 
making  this  allowance  it  is  also  well  to  bear  in  mind  the  tendency 
of  the  casting  to  war^)  in  cooling.  Where  the  tliickness  of  the  metal 
varies  to  any  great  extent,  there  is  a  greater  liability  to  warp  than 
if  a  imiform  thickness  prevails  througliout  the  wliole.  Hence,  in 
such  cases,  a  greater  allowance  must  be  made  for  the  finishing. 

On  small  pieces  and  where  the  moulding  is  carefully  done  it 
may  hv  possible  to  make  as  small  an  allowance  as  iV  inch,  but  as  a 
general  rule  sufficient  metal  should  be  put  upon  the  casting  to  allow 
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the  cutting  tool  of  the  finishing  machine  to  cut  well  below  the 
surface  so  tliat  it  shall  not  become  dulled  by  the  sand  and  hard 
scale  on  the  outside, 

A  pattern  for  the  plain  cast-iron  bar  illustrated  in  Fig.  136 
will  afford  a  good  example  of  the  allowance  necessary  for  finish 
and  for  draft.  This  bar  is  to  be  finished  all  over,  the  finished 
sizes  being  36  inches  long,  1  inch  wide,  and  1  inch  thick. 


.-li 


St'^, 


Fig.  136.  ' 

A  slender  bar  of  this  length  is  liable  to  warp  or  bend  when 
cooling  in  the  mould,  and  for  this  reason  the  bar  should  have  an  al- 
lowance of  at  least  ^-  inch  all  over  for  finish,  thus -requiring  a  pattern 
36|  inches  long,  \\  inches  wide,  and  1|  inches 
thick.  Moreover,  to  enable  the  moulder  to 
remove  the  pattern  from  the  sand  without 
injury  to  the  mould,  we  must  add  on  two  of 
the  opposite  sides  a  draft  of  about  \  inch  to 
the  foot,  making  a  cross-section  through  the 
XDattern  of  the  shape  and  dimensions  as  shown 
in  Fig.  137. 

When  accuracy  is  rec|uired  in  testing  bars 
36  inches  X  1  inch  X  1  inch  (which  are 
seldom  finished),  they  are  often  moulded 
partly  in  the  cope  and  partly  in  the 
drag,  as  shown  in  Fig.  138,  the  parting 
being  on  the  line  ah.  In  this  position 
the  inclination  of  the  sides  of  the  pat- 
tern in  the  mould  is  so  great  that  no 
draft  is  required,  the  pattern  being 
simply  a  square  bar  of  wood  of  dimensions  of  36  inchcb  X  1  inch 
X  1  inch,  measured  with  the  shrinkage  rule. 


Fig.  138. 
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SIMPLE  PATTERNS. 

The  simplest  patterns  are  those  whieli  are  made  in  one  piece, 
and  which  jequire  no  coring,  altlioiigh  th(>  castings  themselves  may 
be  hollow. 

The  first  thing  which  the  pattern  maker  should  decide  in  com- 
mencing a  pattern,  is  the  way  in  which  it  is  to  be  removed  from 
the  sand,  and  where  the  jiarting  line,  if  there  is  one,  should  be. 
As  an  example  of  a  simple  pattern  of  one  piece  made  without  a 
dry-sand  core,  the  stuffing-box  gland  (shown  in  Fig.  134,  Part  I) 
is  a  good  illustration.  It  is  readily  seen  that  if  the  pattern  of  such 
a  gland  were  to  be  imbedded  in  sand,  as  shown,  there  is  no  reason 
why  it  could  not  be  lifted  out  without  disturbing  any  of  the  sur- 
rounding or  the  internal  sand.  The  drawing  represents  the  pattern 
v:iih  d/'cfft  iindfi/i/'s/i  added,  the  finished  gland  being  shown  by 
the  dotted  lines. 

In  every  pattern  of  this  kind,  forming  its  own  core,  it  is  neces- 
sary to  allow  double  draft  on  the  inside,  so  that  the  pattern  may  be 
rapped  and  removed  without  injury  to  the  green-sand  core,  which 
at  best  is  not  very  stable,  and  which  should  be  used  only  when  the 
gland  or  other  hollow  casting  is  of  such  size  as  to  give  a  large  and 
stable  core. 

Except  in  a  few  special  cases,  it  is  much  better  to  put  core 
prints  on  the  eiids  of  the  pattern  and  use  a  dry-sand  core  in  place 
of  the  green-sand  core  illustrated  above,  thus  avoiding  the  unnec- 
essary waste  of  metal  added  by  the  double  draft  on  the  inside  of 
the  casting,  and  the  expense  and  labor  of  removing  it  in  the 
machine  shop. 

In  order  to  give  a  better  understanding  of  the  methods  em- 
ployed in  Pattern  Making,  the  object  itself  will  be  illustrated;  and 
when  it  is  to  be  finished,  the  finished  dimensions  only  will  be  given. 
If  the  object  is  not  to  be  finished,  the  sizes  of  the  completed  cast- 
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ings  will  be  shown.  These  dimensions  will,  in  all  cises,  be  arbi- 
trary, and  can  be  changed  at  will,  if  for  any  reason  alteration  is 
necessary.  The  successive  steps  in  the  construction  of  the  pattern 
are  given  in  detail  so  that  the  studcnit  may  fully  understand  the 
principles  involved. 

The  first  article  for  consideration  is  the  hrass  bushing  flanged 
at  one  end,  illustrated  in  Fig.  139.  This  bushing  is  to  be  finished  all 
over,  and  as  the  casting  is  small,  -h  inch  will  be  sufficient  for  ont- 


Fig.  139. 


Fig.  110. 


side  finish  and  the  same  for  turning  out  the  inside.  On  exiiniining 
it  with  regard  to  moulding,  we  find  that  if  moulded  on  end  with 
the  flange  up  and  on  the  parting  line  of  the  flask  it  can  be  readily 
removed  from  the  mould. 

The  draft  in  this  case  should  be  ^  inch  in  12  inches  or  a  little 
less;  and  each  core  print,  because  the  pattern  is  very  short,  need 
not  be  more  than  |  inch  long.  Having  the  finished  sizc^s  given 
(Fig.  139),  and  having  dc^cidcnl  on  the  amount  of  draft  and  finish, 
the  pattern  will  be  as  represented  by  Fig.  UO,  and  in  the  case  of 
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this  simple  ]);itteni,  as  in  all  others,  a  full  size  drawing,  or  sketch, 
giving  all  the  dimensions  of  the  pattern,  should  be  made  by  the 
pattern  maker  before  beginning  work  on  the  pattern.  This  is  good 
practice,  and  if  carried  out  many  mistakes  and 
much  loss  of  time  will  be  avoided. 

The  lower  core  print  should  have  the  same 
proi)ortion  of  draft  as  the  body  of  th(i  pattern, 
but  tlu!  upper  core  print  is  given  the  excessive 
draft  of  \  inch  to  its  length  so  that  the  cope 
can  be  easily  lifted  off  and  n^turned  again  over 
the  tapering  end  of  the  dry-sand  core  without  injury  to  the  mould; 
the  parting  of  drag  and  cojie  being  on  the  line  a  1).  This  pattern 
may  be  turned  from  a   solid  block   of  wood,  but  if  durability  is 
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Fig.  142. 

desired  the  block  should  be  glued  up 
from  4  i)ieces  of  |-incli  pine,  care  being 
taken  to  reverse  the  annular  rings  or 
yearly  growth  of  the  wood,  as  shown  in 
Fig.  141. 

Place  th«3  block  in  the  lathe  and 
with  the  gouge  turn  to  a  cylindric-al  form 
of  slightly  greater  diameter  than  the 
largest  diameter  of  the  X3att(>rn,  say  3tV 
inch.  All  finishing  should  be  done  by 
the  use  of  scraping  tools.  For  the  body 
of  the  pattern,  a  firmer  chisel  1  inch  wide 
is  a  good  tool,  but  the  cutting  edge  must  be  ground  and  sharpened 
slightly  rounding,  as  described  for  j^lane  irons;  otherwise  the  corners 
of  the  tool  are  liable  to  catch  and  form  grooves  on  the  surface. 

For  smoothing  and  finishing  the  ends  of  the  pattern  and 
flange,  a  diamond-pointed  scraping  tool.  Fig.  142,  is  preferred  to 
all  others.  The  core  box  for  this  pattern  is  shown  in  Fig.  143, 
which  is  representative  of  the  half  box  used  for  all  symmetrical 
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cores.  In  this  box,  two  semicircular  or  half  cores  are  made,  which, 
after  being  dried,  are  pasted  together,  forming  the  cylindrical  core 
required.    For  the  part  a  of  the  core  box,  a  block  of  slightly  greater 

length  (I  inch  or  1  inch) 
is  first  planed  up  to  the 
exact  size .  A  center  line 
J,  Fig.  144,  is  drawn  witli 
the  marking  gauge  par- 
allel to  one  of  the  edges, 
and  also  extends  across 
each  end  of  the  block. 
From  this  center  line,  at  a  distance  of  yf  inch  on  each  side,  the 
lines  d  and  e  are  also  drawn.  Then  with  a  second  block,  or  strip 
of  wood  placed  against  the  face  of  the  block  and  flush  with  the 
end,  the  two  pieces  are  clami^ed 
together  in  the  bench  vise,  as 
shown  in  Fig.  145.  Now  with 
the  dividers  adjusted  to  \%  inch, 
describe  on  each  end  of  the  block 
the  semicircle  which  vrill  connect 
the  lines  d  and  e  on  the  ends  of  Fig.  14o. 

the  block.  This  wood  may  be  removed  rapidly  with  a  gouge  and 
mallet,  smoothed  with  a  round  plane  of  proper  size  and  curve, 
and  finished  by  sand  paper  rolled  on  a  cylindrical  block  having 
a  diameter  fV  inch    less    than   the    width    of    the    required   box. 


Fig.  14Ga. 

^Vnother  method  frequently  used  for  small  boxes,  is  to  work 
out  th(5  center  of  the  curve  with  a  rabbet  plane,  forming  a  right- 
angled  opening,  as  shown  in  Fig.  140,  the  remaining  wood  being 
removed  with  the  round  plane  and  finished  with  the  cylinder  and 
sand  paper  as  before. 
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As  tht'  work  progresses,  the  accuracy  of  the  curve  is  tested  by 
means  of  a  try  square,  or  other  90°  angle,  as  shown  in  Fig.  146a. 

The  tajKTed  end  of  the  box  c  (Fig.  143)  is  turned  from  a  block 
of  wood,  screwed  to  the  face 
plate  of  the  lathe  as  shown  in 
Fig.  147.  After  the  hole  is 
turned  to  the  required  depth, 
I  inch,  and  to  the  required  size, 
1^  inches  on  the  outside,  and 
1^  inches  at  the  bottom,  it  is 
removed  frjm  the  face  plate 
and  the  piece  c  is  cut  out,  as  ^ig-  1^'i'- 

shown  by  the  dotted  lines  in  Fig.  147.  This  piece  c  is  glued  and 
nailed  to  the  end  of  a.  The  two  ends  of  the  box  are  now  given  a 
slight  draft.  {\  inch  in  12  inches)  to  allow  the  half  core  to  leave  the 
box  easily.  The  end  strips  d  and  (J  (Fig.  143)  are  then  nailed  on 
and  the  box  is  complete. 

FINISHING    PATTERNS. 

Having  completed  the  pattern  and  its  core  box,  the  surface  of 
the  wood  must  be  covered  with  some  material  which  will  render  it 
hard,  smooth,  and  impervious  to  the  moisture  in  the  sand,  and  at 
the  same  time  make  it  easier  to  be  withdrawn  from  the  mould. 
Pure  grain-alcohol  shellac-varnish  is  the  best  for  this  purpose.  All 
cheap  substitutes,  such  as  wood-alcohol  shellac,  or  copal  varnishes 
should  be  avoided.  They  become  flaky  and  scale  off,  and  do  not 
stand  the  exposure  and  moisture.  Pattern  makers  generally  make 
their  own  shellac  varnish,  buying  only  the  best  quality  of  shellac 
gum,  and  using  95  per  cent  proof  alcohol.  The  proportions  are 
three  jwunds  of  gum  to*  one  gallon  of  alcohol.  The  gum  is  put  in 
a  wide-mouthed  bottle,  or  earthen  jar,  and  the  alcohol  poured  over 
it,  and  if  well  stirred  three  or  four  times  during  the  day  will  (if  the 
alcohol  is  of  the  best,)  give  a  smooth,  clear,  orange-colored  varnish 
ready  for  use. 

A  good  grade  of  "white  grain-alcohol  shellac"'  may  be  made 
from  bleached  gum,  or  can  be  bought  from  the  dealers,  but  it  dries 
more  slowly  and  does  not  produce  so  hard  a  surface  as  the  orange 
shellac. 


81 


74  PATTERN   MAKING 


As  the  alcohol  in  shellac- varnish  evaporates  very  rapidly,  the 
brush  should  be  kept  in  a  vessel  which  is  closed  and  air  tight.  A 
short  bottle  having  a  mouth  wide  enough  to  admit  the  brush 
is  best  for  this  purpose.  A  one-inch,  flat,  double-thickness,  fitch- 
hair  brush  is  good  for  general  work.  Do  not  use  a  cork,  but  turn 
a  wooden  cap  for  the  bottle,  such  as  is  shown  in  Fig.  148.  Thf 
shoulder  at  a  may  be  -nr  iiidi  to  \  inch 
long,  but  must  be  at  least  \  inch  less  in 
diameter  than  the  inside  of  the  mouth  of 
the  bottle.  Otherwise  the  shellac  will 
'' '-•  ^^^-  cement  it   to  the  glass  so  that  it  cannot 

be  removed.  Tts  only  object  is  to  keep  the  cap  nearly  central  on 
the  bottle.  The  handle  of  the  brush  must  be  tightly  fitted  into  a 
hole  through  tlie  center  of  the  cap  and  fastened  with  a  screw  or 
brad;  allowing  the  brush  to  reach  within  one-half  inch  of  the  bottom 
of  the  bottle.  Keep  the  bottle  one-third  to  one-half  full  of  shellac 
and  use  the  brush  with  the  cap  on  the  handle.  The  shellac  will 
make  a  tight  joint  between  the  bottle  and  the  cap,  and  if  the  proper 
amount  of  shellac  is  kept  in  the  bottle,  the  brush  will  always  remain 
soft. 

For  small  i)atterns,  such  as  the  bushing  described,  the  small 
quantity  of  shellac  needed  can  be  used  directly  from  the  bottle. 
For  large  work  however,  an  earthem-ware  cup  or  mug  should  be 
used,  but  the  shellac  left  over  should  always  be  returned  to  the 
vessel  in  which  it  is  kept. 

Shellac  varnish  should  never  be  kept  in  a  metallic  can  or  cup, 
as  the  oxidation  of  the  metal  will  discolor  the  varnish. 

T^aving  given  a  perfectly  smooth  surface  to  the  pattern  and 
core  box  by  the  use  of  very  fine  sand-paper,  (No.  0)  apply  the  first 
coat  of  shellac.  This  first  coat  will  raise  the  grain  and  roughen 
the  surface  of  the  wood,  which,  after  the  shellac  is  perfectly  dry, 
must  be  sand-papered  a  second  time  until  smooth.  Now  apply  a 
second  coat.  Should  there  still  be  roughness,  a  second  sand-paper- 
ing will  be  necessary.  At  least  three  coats  of  shellac  should  be 
used.  If  there  is  much  end  wood  exposed  on  any  of  the  surfaces 
of  the  pattern,  a  fourth  coat  may  be  necessary  on  these  parts. 

As  regards  the  color  in  which  patterns  are  finished  there  are 
different  rules  in  different  shops.     The  general  rule,  however,  is  to 
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leave  all  patterns  for  brass  or  bronze,  in  the  natural  color  of  the 
wood,  and  shellac  the  core  prints  red.  If  the  pattern  is  intended  for 
moulding  cast  iron,  the  body  of  the  i)attern  is  made  black  and  the 
core  i)rints  red.  Tlie  parts  of  the  core  box  in  which  the  core  is 
to  b(^  formed  are  also  colored  red  and  the  outside  of  the  core 
box  black.  Tlie  black  color  is  produced  by  mixing  lamp  black 
with  tiio  shellac  varnish,  and  the  red  color  by  mixing  Vermil- 
lion (Chinese  is  the  best)  with  the  shellac.  The  vermillion  is 
heavy  and  will  settle,  hence  it  must  be  stirred  or  well  shaken 
before  using.  The  best  method  is  to  first  use  two  coats  of  the 
natural  colored  shellac  (orange  or  white)  on  all  surfaces  of  the  jjat- 
tern,  core  prints  and  core  box,  then  apply  the  black  or  red  for  the 
last  coat  only. 

As  the  pattern  already  described  is  for  a  brass  bushing,  the 
body  should  be  left  the  natural  color  of  the  pine,  and  the  core 
prints  on  the  pattern  and  the  inside  of  the  core  box  colored  red. 

The  outside  of  the  core  box  may  be  left  the  natural  color  or 
made  black,  as  preferred.  The  outside  of  the  core  box,  having  no 
part  in  the  formation  of  the  core,  is  not  necessarily  so  well  and 
smoothly  finished  as  the  inside. 

All  nail  holes  or  any  defects  in  the  wood  should  be  filled  with 
beeswax  applied  with  the  M'arm  blade  of  a  knife,  or  narrow  chisel, 
warmed  by  holding  in  hot  water.  The  beeswax  should  always  be 
used  after  the  first  coat  of  shellac  has  been  applied,  as  it  will  then 
hold  better.  The  sand-papering  of  the  pattern,  after  the  first  coat, 
will  smooth  the  wax  and  bring  it  even  with  the  surface  of  the  wood 
The  time  required  for  a  coat  of  shellac  to  dry  is  from  eight  to 
twelve  hours,  depending  upon  how  heavily  it  may  have  been  ap- 
plied, even  though  to  the  touch  the  surface  nuiy  seem  dry  in  one 
or  two  hours. 

If  a  hard,  durable  surface  is  required  on  the  pattern,  twelve, 
or  better,  twenty-four  hours  must  be  given  between  each  coat.  The 
roughness  will  then  sand-paper  off  as  a  dry  powder  without  gum- 
ming the  sand-paper,  and  leave  a  hard,  smooth  surface  for  the  suc- 
ceeding coat  of  shellac. 

The  second  casting  to  which  attention  is  called,  is  the  hrass 
leaving  represented  in  Fig.  149,  which  is  to  be  finished  all  over. 
On  examining  the  drawing,  first  with  regard  to  removing  the  pat- 
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tern  from  the  sand,  we  find  that  it  must  be  moulded  on  its  side, 
and  that  the  moulder  may  not  lose  time  in  cutting  away  the  sand 
(see  Figs.  113  and  114,  Part  I)  the  pattern  must  he  parted,  or  made 
in  two  halves. 

For  finish  on  this  small  pattern  iV  inch  will  be  siifficient,  and 
draft  will  be  required  only  on  the  ends  of  the  pattern,  and  on  the 
ends  of  the  core  prints,  which  in  this  case,  should  be  not  less  than 
1  inch  long.  This  is  necessary,  because  the  core-print  moulds  must 
sustain  the  weight  of  the  dry-sand  core. 


Fiir.  119. 


Fiir.  150. 


Tlu!  pattern  for  this  casting  is  represented  by  Fig.  150,  in 
which  it  is  seen  that,  unlike  Fig.  140,  the  body  and  core  prints  are 
perfectly  straight,  a  slight  draft  VV  inch  to  12  inches  being  givei? 
to  tlie  ends  of  the  pattern  and  to  the  ends  of  tlie  core  prints  only. 
A  slight  curve  of  iV  inch  radius  should  also  be  made  at  the  inter- 
section of  the  body  of  the  pattern,  and  the  inside  of  the  flange 
at  a,  a. 

The  wood  in  being  prejjared  for  this  pattern  should  be  cut  2| 
inches  longer  than  the  finished  pattern.    The  dimensions  of  tue 
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two  halves  would  each  be  1|  X  3|  X  8f  inches.  Having  fitted  the 
two  insides  accurately  together  and  dressed  one  edge  of  each 
straight  and  at  right  angles  to  its  face  side,  with  the  marking 
gauge,  draw  a  center  line  on  each,  not  only  on  the  face  but  also 
across  each  of  the  two  ends,  Fig.  151.  Across 
the  center  of  each  piece  draw,  with  a  sharp- 
pointed  knife  and  try  square,  a  second  line  at 
right  angles  to  the  first  and  at  equal  distances 
from  each  end  of  the  block.  With  dividers 
adjusted  to  l^r  inches,  place  one  leg  at  the  inter- 
section of  the  two  lines,  and  on  the  gauge  line 

Fig.  151. 
are   the   centers  for  the  dowels   which 


mark  two  dots,  each  1§  inches  from  the  center 


line.  These  dot  are  the  centers  for  the  dowels  which  are  to 
connect  the  two  halves  of  the  pattern  after  it  is  finished.  Bore 
the  holes  in  each  piece  ^  inch  deep  with  a  i%  inch  auger  bit, 
and  cut  the  dowel  jpins  only  f  inch  long,  gluing  them  into 
the  holes  of  one  piece  and  giving  a  projection  of  ^  inch  to 
tit  in  the  holes  of  the  second  half  of  the  pattern.  Although  the 
dowels  are  glued  into  the  first  half  they  must  fit  easily,  but  not 
loosely,  in  the  second,  and  should  be  rounded  on  the  ends  or  made 
cone  shaped,  as  in  Fig.  152. 

Having  fitted  and  prepared  the  two  blocks  with   their  dowel 
pins,  carefully  glue  them  together  using  only  a  narrow  strip  of 


'--S-^P, 


Fic,r.  152. 


Fitr.  153. 


glue  ^  inch  wide  on  each  end  of  the  block  and  clamping  the  two 
together  with  a  hand  screw  on  each  end.  When  the  pressure  of 
the  hand  screw  is  applied,  the  glue  will  spread  inward  to  f  inch 
or  1  inch.  Great  care  must  be  taken  not  to  use  too  great  a  quantity 
of  glue,  or  it  will  spread  in  far  enough  to  bind  the  two  halves  of 
the  pattern  together  so  that  they  cannot  be  separated  when  turned 
and  finished.     The  blocks  shoidd  remain  in  the  hand  screws,  after 
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being  glued,  from  four  to  six  hours,  depending  on  the  temperature 
of  the  room  in  which  the  gluing  is  done.  Our  pattern  block  is 
now  ready  for  the  lathe  and  will  be  as  representtxl  in  Fig.  153, 
which  is  a  longitudinal  section  through  the  dowel  pins. 

"When  centering  for  the  lathe  centers,  great  care  must  be  taken 
t-o  mark  the  centers  exactly  at  the  intersection  of  the  center-gaugt 
lines  on  the  ends  of  the  blocks  and  the  glued  joint  of  the  two 
pieces.  The  hard  glue  will  force  the  lathe  center  to  one  side  of  tlie 
connecting  joint  unless  a  center  dot  or  hole  is  first  made  with  an 
awl  in  the  exact  position  required.  As  in  the  case  of  the  pattern 
in  Fig.  140,  the  block  is  roughly  turned  to  dimensions,  all  of  which 
are  a  little  larger  than  the  finished  pattern,  by  using  the  ordinary 
turners'  gouges,  but  the  final  turning  and  finishing  to  exact  sizes 
must  in  all  cases  be  made  with  scraping  tools,  as  described  for  the 
pattern  of  the  hrass  Tjushituj. 

When  marking  off  the  pattern  on  the  rounded  cylinder  in  the 
lathe,  care  must  be  taken  to  locate  the  pattern  in  the  exact  center 
of  the  block,  so  that  the  dowel  pins  may  be  equally  distant  from 

each  end  and  from  the  center  of  the 
pattern.  Fig.  154  shows  the  pattern 
as  ready  to  be  taken  from  the  lathe. 
The  core  print  ends  should  be  cut  down 
to  I  inch  at  each  end,  and  finally  out  off 
with  a  saw,  and  the  ends  finished  with  file  and  sand  paper  after  remov- 
ing from  the  lathe,  when,  as  will  be  seen,  the  glued  end  having 
been  cut  off',  the  two  halves  of  the  pattern  will  separate  clean  and 
free  from  glue,  and  the  dowel  pins  will  always  bring  them  into 
accurate  alignment  when  used  by  the  moulder  in  the  fomidry. 
Before  removing  the  turned  pattern  from  the  lathe,  it  should 
be  smoothed  and  finished  with  sand  paper,  but  care  must  be 
tciken  not  to  allow  the  sand  paper  to  come  in  contact  wnth  the 
sharp  corners  and  angles  of  the  pattern,  or  they  will  be  rounded 
off  and  the  work  ruined.  For  pine,  only  the  finest  paper,  No.  \  \ 
and  No.  0  should  be  used  on  lathe  work,  and  the  paper  must  not 
be  held  in  one  position  on  the  revolving  work  but  must  be  kept 
moving  laterally,  that  is,  from  side  to  side,  to  avoid  cutting  depres- 
sions in  the  surface. 


Fig.  154. 
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When  the  scrai)ing  tools  are  kept  sharjj  so  that  tht-y  will  cut 
freely  and  without  pressure,  a  light  touch  of  sand  paper  only  will 
be  required. 

In  the  construction  of  this  ijattern,  it  may  be  made  of  two 
blocks  of  1^-inch  stock  as  described;  but  the  tendency  of  the  two 
halves  will  be  to  become  rounding  on  the 
parting  line  as  shown  by  the  dotti^d  lines 
G  d  and  e  f,  Fig.  155.  This  is  caused  by 
the  removal  of  considerable  wood  in 
the  process  of  turning,  at  the  angles 
a  a  a  a  thus  exposing  fresh  surfaces 
which  are  farther  removed  from  the 
original  surfaces  of  the  plank,  than  the  surfaces  on  the  line 
of  parting.  The  exposure  of  these  deep,  inside  fibers  of  the 
wood  will  cause  a  shrinkage  of  the  pores  and  draw  the  pattern  more 

or  less,  according  to  the  position 


^     of  the  annular  growths,  and  also 


Fig.  155. 


GOOD 


BETTER 


Fig.  156. 


^4^^^^^y4  to  the  more  or  less  thorough  sea- 
soning of  the  wood,  in  the  direc- 
tion indicated.  If  the  pattern  is 
intended  for  temporary  use  only, 
it  may  be  constructed  as  above,  but  if  durability  and  permanence 
of  shape  are  required,  the  two  blocks  should  each  be  glued  up  out 
of  thinner  stock  with  the  annular  growths  carefully  reversed,  as 


Fig.  157. 


shown  in  Fig.  156.  This  is  done  not  only  because  thin  plank  is 
more  evenly  and  better  seasoned,  but  because  in  gluing,  the  ten- 
dency of  the  pieces  to  warp  or  spring  is  counteracted  each  by  the 
other,  and  in  addition  the  gluing  of  several  thin  pieces  together 
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stiffens  and  makes  tlie  resulting  jjiece  niucli  tinner  and  stronger 
than  a  large  block  or  piece  of  the  same  si/.e  obtained  without 
gluing. 

The  core  for  this  pattern,  being  straight  from  end  to  end,  and 
cylindrical,  only  a  half  core  box  is  required,  as  shown  in  Fig.  157. 
After  being  laid  off  and  worked  out  in  the  same  manner  as  de- 
scribed for  the  core  box,  Figs.  143  and  114,  cut  the  ends  of  a  with   ! 
draft  of  \  inch  in  12  inches,  and  glue  and  nail  on  the  ends  c  and  e,   ! 
which  may  be  f  inch  to  \  inch  in  thickness. 

Shellac  and  finish  as  described  for  xiattern,  Fig.  140,  giving 
first  two  coats  of  orange  or  white  shellac,  and  for  the  last  coat  on  . 
core  prints  of  the  pattern  and  the  inside  of  the  core  box  a  use  the  I 
red,  the  body  of  the  pattern  being  left  natural  color  (with  three  j 
coats)  and  the  outside  of  the  core  box  either  natural  or  black. 

GLUING. 

As  the  use  of  glue  enters  largely  into  the  construction  of  all  , 
patterns,  some  instruction  as  to  its  selection  and  the  manner  of 
using  will  be  necessary.  When  building  up  i^atterns,  the  connec- 
tions  should  in  all  cases  be  made  by  gluing.  Nails  should  never 
be  used  except  when  they  can  be  so  placed  as  to  be  entirely  removed 
from  all  danger  of  contact  with  the  tools  used  in  turning  and  shap- 
ing the  imttern,  and  when  so  employed  should  be  used  in  conjunc- 
tion with  glue.  The  only  advantage  in  their  use  is  the  hastening 
of  the  work,  because  they  take  the  place  of  hand  screws  or  clamps 
while  the  glue  is  drying. 

The  use  of  nails,  however,  is  always  unsatisfactory,  for  when 
the  point  is  passing  through  the  uppcn-  piece,  small  thin  slivers  are 
broken  from  the  mider  surface,  which  have  a  tendency  to  separate 
the  two  surfaces  instead  of  exerting  the  recpiired  pressure  as  when 
hand  screws  are  used. 

For  xmttern  work  select  only  the  very  best  (quality  of  cabinet- 
makers' glue,  or  better  still,  the  best  quality  of  white  ghie.  This 
white  glue  can  always  be  had  in  two  forms,  first,  white  glue,  clear^ 
and  second,  white  glue  opaqne.  The  first  is  the  glue  without  the 
addition  of  any  foreign  substance.  The  second  looks  much  whiter 
than  the  first,  because  of  the  addition  of  whiting,  or  other  mineral, 
to  the  glue.     This   addition  does    not    in    any    way   lessen  the 
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adhesive  ([ualities  of  the  glue;  on  the  other  hand,  it  sets  more 
readily  and  dries  more  quickly,  but  for  this  very  reason,  it  is  harder 
to  use  on  large  surfaces,  as  the  first  brushing  on  one  part  of  the 
work  will  begin  to  set  before  the  entire  surface  can  be  covered. 
For  all  small  or  moderate-sized  work,  however,  the  opaque,  white 
glu(^  is  to  be  preferred. 

Good  glue  will  keep  in  a  dry  room  of  any  temperature  for  an 
indefinite  length  of  time,  but  when  cooked  in  the  glue-pot  it 
deteriorates  very  rapidly.  Each  successive  reheating  and  boiling 
lessens  its  adhesive  qualities,  hence  it  should  always  be  used  /'/■<?«/< 
or  nearly  so.  A  greater  quantity  of  glue  than  is  likely  to  be  used 
in  two  or  three  days  should  not  be  cooked  at  one  time. 

The  cooking  and  preparing  must  be  done  in  the  regular  glue- 
pot,  made  for  the  x^urpose,  and  sold  in  all  hardware  stores.  No 
rule  can  be  given  for  the  relative  quantities  of  glue  and  water  to 
be  used.  Some  glues,  especially  the  cheaper  grades,  require  much 
less  water  than  the  better  and  finer  qualities.  As  a  general  rule 
however,  jxick  the  glue  firmly  in  the  pot  and  add  sufficient  cold 
water  to  cover  it.  Fill  the  outside  kettle  with  cold  water  and  boil 
until  thoroughly  cooked,  so  that  it  will  run  smooth  and  clear  from 
the  brush  or  paddle.  It  should  run  fteely  without  returning  and 
gathering  in  bunches  or  clots  at  the  end  of  the  paddle,  but  must 
not  bo  so  thin  as  to  be  weak  and  watery. 

If  the  glue  is  too  thick,  no  amount  of  pressure  will  bring  the 
two  glued  surfaces  in  close  contact,  and  if  too  thin  there  is  danger 
that  the  joint  will  not  hold.  Always  use  cold  water  for  cooking 
and  dissolving  fresh  glue.  Hot  or  boiling  water  will  make  the  glue 
stringy  and  will  require  a  much  longer  time  to  cook  to  an  even  and 
smooth  consistency.  Great  care  should  also  be  taken  to  keep  the 
outside  kettle,  which  surrounds  the  glue-pot  proper,  full  of  water. 
If  allowed  to  ooil  dry  the  glue  in  the  inner  pot  will  be  scorched, 
or  burned,  and  will  then  be  entirely  useless.  It  must  then  be 
thrown  out,  the  pot  washed  or  boiled  out  clean,  and  fresh  glue  again 
cooked.  The  hot  water  in  the  outside  kettle  should  in  all  cases  be 
used  for  thinning  the  glue  to  the  required  consistency.  Cold  water 
chills  the  glue  and  necessitates  reheating.  In  cold  weather  the 
precaution  must  be  taken,  unless  the  room  is  warm  and  entirely 
free  from  drafts,  to  heat  the  pieces  of  wood  before  applying  the 
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glue,  else  the  latter  may  be  ehilled  and  fail  to  set.  The  time  re- 
quired for  well-made  joints  to  dry  so  that  the  hand-screws  can  be 
removed  is  from  four  to  six  hours. 

Sometimes  a  difficulty  will  arise  in  the  case  of  large  surfaces 
on  thin  material.  When  the  glue  is  applied  it  moistens  and  expands 
the  surface  upon  which  it  is  placed,  causing  the  edges  to  curl  up 
and  pull  away  from  the  adjoining  piece  which  has  a  tendency  to 
move  in  the  opposite  direction.  In  such  cases  never  moisten  ,the 
back  of  the  thin  pieces  with  water  from  the  outside  kettle,  as  is 
sometimes  directed,  but  work  quickly,  spreading  tlie  glue  rapidly 
and  then  place  between  two  thick,  stiff  pieces  of  board,  previously 
dressed  true,  prepared  and  heated  for  the  purpose.  Use  as  many 
hand-screws  as  can  be  conveniently  placed  on  the  work,  and  allow 
it  to  remain  in  these  clamps  mitil  all  moisture  from  the  glue  is 
absorbed  by  the  two  outsidis  heated  boards.  Twenty-four,  or  better 
forty-eight,  hours  should  be  given  to  tliis  process  if  possible. 

All  such  gluing  of  thin  pieces  should  in  every  case  be  done 
first  and  allowed  to  dry  while  the  other  parts  of  the  pattern  are 
being  constructed.  Under  no  circmnstances  use  water  on  any  siu- 
face  of  seasoned  wood.  The  reseasoning  or  drying  out  of  such 
water  will  invariably  distort,  curl,  and  warp  the  pieces  so  treated 
after  being  glued  togetlu^r.  Even  tlu'  water  contained  in  the  glue 
is  objectionable,  while  unavoidabltN  and  can  be  most  satisfactorily 
removed  only  as  directed  above. 

In  all  cases  where  end  wood  is  to  be  glued,  or  where  the  grain 
of  the  wood  runs  diagonally  to  the  plane  of  the  joint  so  as  to  pre- 
sent the  open  end  wood  pores  for  the  glue,  this  end  wood,  or  partially 
end  wood  joints,  should  be  first  ''sized''  with  thin  glue,  (glue  about 
half  the  thickness  of  that  used  for  gluing.)  and  allowed  to  dry. 
This  will  raise  the  grain  and  roughi'n  the  surface  of  the  joint, 
which,  when  dry,  must  be  lightly  and  carefully  scraped  off  with  a 
sharp  chisel,  when  it  will  be  found  that  the  open  pores  of  the  wood 
are  filled  with  dried  glue.  The  joint  may  now  be  glued,  and  the 
glue  will  hold  as  in  ordinary  jointing. 

HAND  SCREWS. 

The  hand  screws,  illustrated  in  Fig.  81,  enter  so  largely  into 
all  gluing  for  pattern  work,  that  some  description  of  their  cou- 
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structioii  and  the  mauin'r  of  using  is  necessary  here.  Tlie  four 
])arts  of  ea(^h  hand  screw  consist  of  two  jaws  and  two  spindles. 
When  using,  the  j^*rt?/;.s  must  in  every  case  be  kept  parallel.  This 
is  done  by  the  adjustment  of  the  middle  or  central  spindle.  The 
clami)ing  is  in  all  cases  done  by  the  outside  or  end  spindle,  the 
middle  or  adjusting  spindle  serving  as  a  fulcrum  for  the  jaws;  the 
leverage  and  pressure  being  obtained  by  the  end  si)indle.  When 
clampiiig  broad  surfaces,  care  nuist  be  taken  to  see  that  the  jpressure 
of  the  jaws  on  the  work  being  glued  is  the  same  at  the  jooints  and 
at  the  back  ])art  of  th(^  applied  portion  of  the  jaws. 

This  can  be  easily  changed  at  will,  by  slightly  loosening  or 
tightening  the  middle  spindle,  which,  as  before  stat(^d,  is  the 
adjusting  si)indle  and  fulcrum,  and  not  used  for  clamping.  After 
adjusting  the  jaws  parallel  and  to  even  pressure  on  all  their  length 
as  applii^d  to  the  work,  screw  up  and  tighten  the  end  sjjindle  to 
the  utmost  pressure  which  the  jaws  will  bear,  and  again  examine 
tlie  clami:)  and  the  work  to  see 
if  th(i  jaws  are  parallel  and  the 
pressure  even. 

If  not,  loosen  the  end  spindle 
and  readjust  the  middle  spindle 
by  op(>ning  or  closi]ig  as  the  case 
may  reqidre.  To  open  and  close  the 
hand-screws  for  larger  or  smaller 
work,  do  not  screw  or  imscrew 
one  spindle  at  a  time.  Instead, 
grip  the  handle  of  the  middle 
spindle  in  the  left  hand,  and  the  handle'of  the  end  spindle  in  the 
right  hand.  Hold  the  hand  screw  at  arms  length  and  whirl  it  from 
or  toM"ard  you  as  may  be  needed  for  closing  or  opening  the  jaws 
In  this  way  the  spindles  will  each  be  kei)t  in  its  proper  relative 
position,  and  the  jaws  will,  at  all  distances,  remain  parallel. 


-HI  t-^ 


Fig.  lo8. 


BUILT    UP    PATTERNS. 

A  good  example  of  the  manner  in  which  patterns  are  built  and 
glued  up  is  shown  in  the  construction  of  the  pattern  for  the  ()-inch 
sheave  pulley  shown  in  Fig.  158. 
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The  groove  is  a  semicircle  1  inch  wid(>,  and  tht;  rim  containing 
the  groove  is  connected  with  the  hub  by  a  solid  web  I  inch  in 
thickness,  and  having  four  or  six  holes,  each  1  inch  in  diameter, 
this  web  taking  the  place  of  arms.  If  there  is  to  be  no  fiitish  on 
the  sheave,  as  is  usual,  the  only  allowance  to  be  made  on  the  pat- 
tern, which  must  he  paHed,  will  be  for  shrinkage  and  for  draft. 

A  cross-section  through  the  finished  pattern  for  this  casting  is 
shown  in  Fig.  159. 

In  all  large  patterns  of  this  kind,  the  web  is  first  ghied  up 


Fi^^  159. 

in  sectors,  six,  eight  or  more  in  number,  according  to  the  size  of 
the  sheave  (see  Fig.  160).  The  sectors  are  fitted  by  hand  or  on  the 
trimmer,  the  ends  are  glue-sized,  and  when  the  sizing  is  dry  the 
joints  are  carefully  scraped  smooth,  and  the  whole  glued  together. 
After  drying  for  fonr  or  fiv(i  hours,  it  is  sawed  to  a  circle  of  -i-inch 
greater  diameter  than  the  finished  pattern,  and  the  block  for  the 
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hub  is  glued  over  the  center.  Six  segments  to  form  the  outer  rim 
are  glued  around  on  the  outer  edge,  care  being  taken  to  hreak  joints 
as  shown  in  Fig.  IGl.  If  the  groove  is  to  be  large,  the  six  segments 
should  be  of  half  the  thickness  only,  and  a  second  set  of  segments 
of  like  thickness  glued  over  the  first,  hreaking  joints  not  only  with 
the  first  set,  but  also  with  sectors  of  the  web. 

In  other  words,  in  all  glued-up  rims,  no  two  joints  should  be 
directly  over  each  other.     All  joints  must  be  so  'broken  and  so  dis- 
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Fig.  162. 


tributc'd  as  to  giv(^  thu  greatest  possible  strength  to  tlie  riwi. 
In  the  present  case,  our  pattern  is  so  small  that  it  is  only 
necessary  to  us(;  a  thin  board,  |  inch  in  thickness  for  each  half  of 
the  web.  After  sawing  to  ().|  inches  in  diauK^ter,  -|  inch  for  turn- 
ing, a  block  ^  inch  in  thickness  is  glued  on  the  center  of  each  to 
form  the  hub;  and  six  segments  1| 
inches  wide  and  ^  inch  in  thickness, 
are  glued  around  on  the  outer  surface 
of  each  to  form  the  rim  and  groove, 
as  shown  in  Fig,  162. 

Care  must  be  taken  to  place  the 
segments  so  that  the  grain  of  the 
web  will  be  crossed  by  two  of  the 
segments    as   shown   in   the    drawings. 

On  the  second  half  h  of  the  pattern,  a  thin  circular  block  \ 
inch  in.  thickness  is  glued  on  the  inside  opposite  to  the  hub  block, 
to  form  the  projection  (^  inch)  which  will  keep  the  two  halves  of 
the  pattern  in  alignment,  as  shown  in  the  cross-sectional  drawing 
in  Fig.  159.  Having  glued  up  the  stock  as  described,  and  as  shown 
in  Fig.  162,  the  outside  must  be  planed  to  a  level  surface,  or  so  that 
the  six  segments  forming  the  rim  and  the  center  hub  block  will  be 
I  in  the  same  plane. 

I         The  half  pattern  is  now  screwed  on  the  screw  chuck  of  the 
I  lathers  illustrated  in  Fig.  163,  and  the  inside,  or  the  parting  face 

c,  is  turned  perfectly  straight  and  true.  The  edge 
is  turned  down  to  6  inches  in  diameter,  and  the 
quartered  circle  shown  by  the  dotted  lines  is 
carefully  shaped.     A  template,  made  as  shown  at 

d,  will  assist  greatly  at  this  stage  of  the  work.  A 
recess  is  turned  at  the  center,  and  in  the  face  of 
r^  Fig.  159,  1|  inches  in    diameter  and  J  inch 

deep,  to  receive  the  corresponding  projection  on  the  half  pattern  h 
which  is  to  keep  the  two  halves  in  alignment. 

The  half  pattern  a,  is  now  removed  from  the  screw  chuck,  and 
the  second  half  5  is  screwed  on  and  turned  in  the  same  manner 
except  that  the  central  projection  is  carefully  turned  to  fit  in  the 
recess  in  a. 

Before  removing  1>  from  i\w  chuck,  test  by  trying  the  second 


Fig.  163. 
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half  a  and  change  h  until  a  laerfect  fit  is  obtained  between  the  two 
halves,  not  only  in  the  central  recess  and  projection,  but  also  in  the 
two  curves  wliich  form  the  semicircular  groove  of  the  rim.  A 
cross-section  of  the  pattern  at  this  stage  of  construction  is  shown 
in  Fig.  164. 


Fig.  165. 
A  disc  or  chuck  of  wood  5|  inches  in  diameter  is  now  screwed 
to  the  iron  face-plate,  or  the  screw  chuck,  aiid  turned  off  true  ou 
the  face  with  a  projection  -J  inch  high  whicli  wil^  fit  iixto  the  recess 
in  the  middle  of  the  parting  face  of  a.  This  projection  will  center 
the  half  pattern  a  on  the  face  plate,  and  it  can  be  held  in  ix)sition 
by  two  or  four  short  wood  screws  driven  through  the  web  into  the 
wooden  chuck  as  shown  in  Fig.  165. 

Care  must  be  taken  to  place  the  screws  in  such  a  position  that 
the  screw  holes  will  be  cut  or  bored  out  when  making  the  four  or 

six  ojjenings  1  inch  in  diameter 
in  the  finished  web  of  the  pulley. 
The  screws  must  be  small  and 
slender  and  the  heads  well  coun- 
tersunk out  of  reach  of  the  turn- 
ing tools.  The  face  of  the  half 
pattern  is  now  turned  to  the  re- 
(|uired  shape,  the  template  shown 
at  e  in  Fig.  165,  being  used  for  the 
purpose.  Having  finished  with 
fine  sandpaper,  remove  the  half 
pattern,  and  turn  off  the  projec- 
tion on  the  center  of  the  wooden  chuck;  turn  a  recess  instead  to  re- 
ceive the  projection  on  I,  and  proceed  with  this  second  half  as  with 
the  first.  If  the  wood  has  been  well  seasoned,  and  the  work  carefully 
done  a  perfect  6-inch  sheave  pulley  pattern  will  be  obtained,  such 
as  is  shov/n  in  Fig.  159. 


Fiff.  166a. 
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The  pattern  for  a  sheave  puHey  has  been  explained  because  it 
embraces  so  many  i)rofitable  points  and  conditions,  not  only  in 
^Iniiit^  and  building  up,  but  especially  in  chucking  and  turning, all 
of  which  must  be  done  with  great  care  and  acciiracy. 

The  1-inch  holes  in  the  web  are  bored  out  with  a  1-inch  center 
hit,  which,  when  well  sharpened,  will  not  split  or  sj^linter  the  thin 
webs  of  the  two  halves  of  the  pattern,  if  care  is  taken  to  reverse 


the  bore  from  the  opposite 
side  when  the  i)oint  of  the 
center  bit  conies  tli rough. 
The  holes  should  be  given  a 
slight  draft  as  shown  in  Fig. 
159,  with  a  small  half-round 
cabinet  file.  When  very  large 
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Fig.  166&. 

sheave  pulleys,  having  arms,  are  to  be  made,  such  as  are  common 
for  power  transmission  by  rope  or  cable,  the  patterns  are  not  halved 
but  are  made  in  one  piece  and  the  groove  is  cored  around  the  rim. 
Such  a  pattern  is  illustrated  in  Fig.  166a,  with  a  wide  core  print  c  c 
extending  entirely  around  the  periphery  of  the  pattern. 

A  segmental  core  box  is  made  for  one  sixth  or  one  eighth  the 
circumference  of  the  wheel,  as  shown  in  Fig.  V'yi)  ?>,  and  here  again 

"j~^^r^'     only  half  of  the  core  box  for 


a  full  core  is  needed.  When 
coring  the  rim  as  above,  the 
core  print  must  be  made  wide, 
at  least  two  to  three  times  the 
dei^th  of  the  groove,  so  that 
the  core  may  rest  firmly  and 
remain  in  position  without 
i._'^-i'-  tilting  while  the  metal  is 
Fig.  167.  being  x>oured  into  the  mould. 

The  12-inch  hand  wheel,  Fig.  167,  with  five  arms  and  a  round 
rim  linished  to  1|  inches  in  diameter,  will  also  serve  as  a  good  illus- 
tration of  pattern  construction.  On  the  rim  of  the  pattern,  -/«  inch 
over  all  its  surface  must  be  allowed  f or  j^^ii^/^,  making  the  diameter 
of  the  rim  of  the  pattern  1|  inches,  and  the  outside  diameter  of 
the  pattern  12^  inches,  while  the  inside  diameter  of  the  rim  will 
be  8^  inches. 
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The  rims  of  such  X3iitt<-rus  arc  usually  turned  in  two  halves. 
A  wooden  chuck,  in  this  case  a  plain  board  12|  inches  in  diameter, 
and  §  inch  to  1^  inches  in  thickness,  is  screwed  to  the  iron  face-plate 
of  the  lathe,  and  turned  true  on  the  face  and  on  the  edge  to  12^:  inches 
in  diameter.  Ten  blocks  2i;  inches  long,  2  inches  wide,  and  |  inch 
hi  thickness  are  glued  radially  at  equal  distances  around  the  face 
of  th(?  chuck  as  in  Fig.  168.  These  blocks  are  turned  even  with 
the  edge  of  the  chuck,  and  the  faces  are  also  turned  oft'  true  and 
straight  so  as  to  form  a  joint  with  the  first  row  of  rim  segments. 

The  segments,  ten  in  number,  five  for  each  layer,  are  sawed 
from  a  ^^inch  board,  and  should  be  2  inches  wide. 


Fig.  168. 

Five  of  these  are  carefully  fitted  and  glued  to  the  face  of  the 
blocks,  as  shown  by  the  dotted  lines  in  the  drawing;  and  when  the 
glue  is  dry  the  chuck  is  returned  to  the  lathe,  and  the  face  of  the 
segments  turned  flat  and  true  to  receive  the  second  row,  which  is 
fitted  and  glued  to  the  first. 

Small  hand  screws  must  be  used,  three  on  each  segment,  to 
press  the  first  layer  to  the  blocks,  and  again  to  press  the  second 
layer  to  the  first.  Tlie  joints  of  the  second  layer  must  be  over  the 
middle  of  the  alternate  blocks  from  the  joints  of  the  first,  so  as  to 
break  joints  with  the  first.  When  the  glue  is  dry,  jjlace  the  chuck 
in  the  lathe,  and  turn  the  half  rim  thus  constructed  to  a  true  semi- 
circle with  an  outside  diameter  of  12|  inches  and  an  inside  diameter 
of  81  inches,  using  a  semicircular  template  of  sheet  zinc  or  copper 
to  test  by  while  turning. 
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When  turned  and  saiid-papcrrd,  cut  from  tlio  block  of  the 
chuck  by  using  a  J-inch  parting  or  cutting-off  tool,  care  being  taken 
to  cut  close  to  the  segments  forming  the  half  rim.  Turn  off  the 
face  of  the  blocks  on  the  chuck  true  and  straight  a  second  time, 
and  construct  and  turn  the  second  half  of  the  rim  in  the  same 
way  as  described  for  the  first;  but  great  care  must  be  taken  to  make 
the  two  diameters,  outside  and  inside,  of  each  half  exactly  alike, 
otherwise  the  work  on  one  half  will  be  lost.  As  it  is  difficult  to 
hold  these  two  half  rims  for  planing  and  fitting  together,  a  concave 
and  semicircular  groove  turned  in  the  face  of  a  second  board,  or 
chuck,  in  which  they  can  be  laid  while  being  planed  or  fitted,  wall 
be  found  useful. 


Fig.  169. 

In  all  rim  work  of  this  kind  the  circular  segments  should  be 
cut  lengthwise  with  the  grain  of  the  wood,  the  object  being  in  this 
construction,  to  do  aw^ay,  as  much  as  possible,  with  all  end  wood. 

While  waiting  for  the  separate  layers  of  glued  segments  to 
dry,  the  arms  should  be  made  so  as  to  be  ready  for  the  two  half 
rims  when  completed. 

The  arms  in  this  case  should  be  made  |  inch  in  thickness  at 
the  hub  and  ^  inch  in  thickness  where  they  enter  the  rim  of  the 
wheel.    The  construction  is  as  show^n  in  Fig.  169. 

Five  pieces,  each  5f  inches  long,  2^  inches  wide,  and  |  inch  in 
thickness  are  necessary.  After  being  carefully  fitted  on  the  trim- 
mer, a  saw  kerf  yV  inch  deep  is  cut  in  each  joint  (a,  Fig.  169),  into 
which  a  thin  tongue  of  wood  is  inserted  and  glued,  the  tongues 
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serving  as  tenons  to  hold  the  arms  together.  After  fitting,  and 
before  grooving  with  saw  kerf,  the  joints  must  be  glue-sized  and, 
when  dry,  carefully  scraped  smooth  with  a  sharp  chisel. 

The  grain  of  the  wood  in  the  tongues  must  run  at  right  angles 
to  or  crosswise  of  the  joint  to  insure  the  greatest  strength. 

When  glued  together  and  dry,  from  the  center  or  intersection 
of  the  five  pieces,  mark  with  dividers  set  to  a  radius  of  5^  inches, 
and  cut  off  the  ends  of  the  arms  so  that  they  will  project  each  half- 
way into  the  rim. 

From  the  same  center  describe  a  circle  3^  inches  in  diameter, 
forming  the  web  of  the  arms;  and  from  this  3^-inch  circle,  taper  the 
arms  to  ^  inch  in  thickness  at  the  ends,  care  being  taken  to  plane 
the  same  amount  from  each  side  and  to  dress  the  arms  evenly  so 
that  they  will  revolve  in  the  same  plane^  This  being  done,  from 
the  center  describe  arcs  on  the  outer  ends  of  the  arms,  witli  a  radius 
of  4y  inches  (8|  inches  diameter,  which   is  ^  inch   less  than  the 
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inside  diameter  of  the  rimj,  and  divide  tlio  imaginary  circle  thus 
formed  into  five  equal  parts  with  the  dividers.  Draw  radii  from 
the  points  thus  obtained,  to  the  center.  These  radii  will  be  the 
central  lines  of  the  arms,  as  shown  by  the  dotted  lines  in  Fig.  1()9 
On  each  side  of  the  intersection  of  the  radii  and  outer  circle, 
measure  ^  inch  to  the  right  and  left,  and  on  the  circle  denoting  the 
circumference  of  the  web,  mark  ]}  on  each  side  of  the  radii;  con- 
nect the  points  thus  obtained,  and  the  result  will  be  five  arms  lj| 
inches  wide  at  the  web  and  1  inch  wide  at  the  rim,  as  shown  in  the 
drawing.  The  ends  of  the  arms  which  enter  the  rim  should  be,  in 
this  case,  1|  inches  wide,  and  the  sides  are  drawn  parallel  to  the 
radius  which  marks  the  center  of  each  arm.  The  curves  wliich 
connect  the  arms  at  the  hub  must  be  drawn  of  such  radius  as  to 
make  the  curve  tangent  to  the  circle  forming  the  extremity  of  the 
web,  and  also  tangent  to  the  sides  of  the  two  connected  arms  as 
shown  at  d.     The  small  circles  at  the  intersections  of  the  arms  with 
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the  rim,  must  be  tangent  to  the  edge  of  the  arm  and  to  the  circle 
(S|  inches  diameter)  wliich  marks  -fV  iiich  less  than  the  inside 
diameter  of  the  rim  as  shown  at  c  c. 

Having  laid  out  the  arms  as  above,  and  as  shown  in  the  draw- 
ing by  the  dotted  lines,  saw  them  to  shape  and  round  them  up  to 
an  elliptical  form  as  shown  in  the  cross-section  at  e.  Fig.  169.  The 
finished  shape  of  the  arm  at  any  point  in  its  length,  is  found  by 
drawing  a  cross-section  of  the  arm  at  that  point,  as  in  Fig.  170. 

Divide  the  cross-section  equally  by  the  line  A  B;  measure  -^ 
inch ;  as  at  a  c  df\  and  with  dividers  adjusted  so  as  to  be  tangent  to 
the  sides  of  the  cross-section  of  the  arm,  and  to  pass  through  a  c 
and  df^  draw  the  curves  a  h  c  and  d  ef. 

After  tiling  and  working  otf  the  sides  of  the  arms  to  these 
cnrv(?s,  the  angles  at  a  c  d  and  /'  are  carefully  rounded  with  sand 
[)aper,  care  being  taken  not  to  lessen  the  width  of  the  arm  at  any 
point.  The  result  will  be  as  shown  in  Fig.  171,  which  gives  a 
strong,  firm  edge  to  the  arm,  and  one  which  will  not  break  or  splin- 
ter oif  while  being  rammed  up  in  the  sand. 

The  arms  thus  sliaped  and  finished  are  cut  or  let  \  inch  into  each 

half  of  the  rim,  and  great  care  must  be  taken  to  keej)  them  central  with 

the  rim.     Before  marking  the  rim  for  the  mortises  which   will 

receive  the  ends  of  the  arms,  test  their 

positions  with  the  dividers,  spacing  from 

the  center  of  fhe  arms  to  the  outside  edge 

of  the  rim,  and  moving  the  arms  mitil  a 

central  position  is  obtained;  after  which, 

with  the  point  of  a  knife  or  awl,  scribe 

around  the  end  of  each  arm,  and  proceed  to 

cut,  with  a  chisel,  the  mortises  \  inch  deep  Fig.  172. 

into  each  of  the  half  rims,  and  so  cut  and  fit  that  the  two  pieces  of 

the  rim  may  meet  and  form  a  close  joint,  after  which  they  are  glued 

I    and  clamped  together  over  the  arms  with  liand  screws. 

!  The  hubs  are  next  turned,  each  from  a  solid  block,  or  better 

I    from  thin  pieces  \  inch  to  §  inch  in  thickness,  each  thin  piece  being 

I    placed  crosswise  on  the  other,  as  shown  in  Fig.  172.     The  hubs 

must  be  turned  with  a  draft  or  taper  of  f  inch  to  12  inches,  and 

I    have  a  curve  of  ^-inch  radius  at  the  base  where  they  unite  with 

I    the  arms     After  gluing  on  the  hubs,  smooth  off  all  connected  parts 
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of  rim,  arms,  and  hub,  and  finish  with  three  coats  of  shellac,  sand- 
papering smooth  betweiHi  each  coat,  as  already  described  for  other 
patterns. 

The  making  of  patterns  for  special  pulleys  enters  largely  into 
the  work  of  many  pattern  shops.  In  these  patterns  the  rims  are 
built  up  of  segments  §  inch  to  |  inch  in  thickness. 

To  illustrate  this  work  fully,  let  us  take  up  the  successive  steps 
in  the  construction  of  a  countershaft  pulley  20  inches  in  diameter 
and  of  6-inch  face,  made  to  fit  a  shaft  If  inches  in  diameter. 
The  pattern  for  such  a  pulley  is  shown  in  Fig.  173.  The  diameter 
of  the  web  of  the  arms  is  5  inches,  and  the  diameter  of  the  hub  Hi 
inches  at  each  end  and  tapering  to  3|  inches  in  diameter  at  the 
arms. 


I^6J:"-*1 


Fig.  173. 

If  the  rim  is  to  be  finished  on  the  face  and  edges  only,  -rir  inch 
must  be  allowed  for  turning,  making  the  outside  diameter  of  the 
pattern  20^  inches,  and  the  width  of  the  face  should  be  6^  inches. 

In  addition  to  -iV  inch  for  finish,  the  draft  on  the  outside  of  the 
rim,  from  each  edge  to  the  center,  should  be  in  the  ratio  of  ^  inch 
to  12  inches,  and  on  the  inside  of  the  rim  the;  draft  must  b(;  j^  inch 
to  12  iiMi-hes. 

The  thickness  of  the  rim  at  its  edges  will  be  -rtj  inch,  and  with 
outside  and  inside  draft  added,  its  thickness  at  the  arms  will  be 
about  xij-  inch.  The  inside  diameter  of  the  rim  at  the  arms  will  be 
nearly  Id-^  inches.     This  pulley  should  have  six  straight  arms 
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in  thickness  at  the  hub  and  '^  inch  in  thickness  at  the  rim. 


The  width  of  the  arms  at  the  web  should  be  If  inches  and  at  the 
rim  1|  inches  exclusive  of  the  connecting  curves  at  web  and  rim 
Six  x)i(;ces  10|  inches  long,  2|  inches  wide,  and  |  inch  in  thickness, 
must  be  carefully  fitted  as  shown  in  Fig.  174. 

After  fitting,  the  connecting  joints  are  glue  sized,  and  when 
dry  carefully  scraped  smooth  with  a  sharp  chisel,  and  a  saw  kerf 
Ya  inch  deep  cut  in  each.  The  tongues  used  for  tenons  in  these 
kerfs  should  be  a  little 
less  than  §  inch  long, 
the  grain  of  the  wood 
running  always  at  right 
angles  to  the  line  of  the 
joint  to  give  the  greatest 
strength  to  the  tenons. 
The  six  pieces  should 
be  glued  in  two  groups 
of  three  pieces  each; 
and  when  dry,  these  two 
groups  can  easily  be 
refitted,  if  necessary, 
and  glued. 

The  next  step  is  to  draw,  from  the  center  formed  by  the  inter- 
section of  the  six  pieces,  a  circle  5  inches  in  diameter,  representing 
the  web  of  the  arms,  and,  near  the  extremities  of  the  pieces,  the 
arcs  of  a  circle  20g  inches  in  diameter,  representing  ^  inch  greater 
diameter  than  the  outside  diameter  of  the  rim.  Carefully  divide 
these  last  arcs  into  six  equal  spaces  with  the  dividers,  bringing 
the  points  thus  obtained  as  nearly  to  the  middle  of  the  six  arms  as 
possible;  and  from  the  six  points  thus  spaced,  draw  radial  lines  con- 
necting them  with  the  center  or  intersection  of  the  six  arms. 
These  radial  lines  (shc^n  dotted  in  the  drawing)  will  be  the  center 
line  of  each  arm. 

Saw  off  the  ends  of  the  arms  on  the  above  20|-inch  arcs,  and 
from  the  center  again  draw  on  the  six  arm-pieces  a  third  circle, 
whose  diameter  should  be  at  least  ^  inch  less  than  the  inside  diam- 
eter of  the  rini,  in  this  case  19  inches.  On  these  arcs  measure 
I  inch  on  each  side  of  the  center  line,  and  on  the  circle  represent- 
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ing  the  web,  measure  I  inch  on  each  side;  connect  these  points 
from  web  to  rim,  and  the  arms  will  be  1|  inches  wide  at  web,  and 
1|  inches  at  the  rim. 

These  lines  are  shown  by  the  dotted  lines  in  Fig.  174.  The 
width  of  the  ends  of  the  arms  passing  through  the  rim  should  be 
about  21  inches,  and  the  sides  drawn  parallel  with  the  center  line 
of  the  arm,  as  shown  for  hand- wheel  arms  in  Fig.  169.  The  radius 
of  the  circle  connecting  the  sides  of  the  arms  and  the  web,  must 
be  such  as  to  be  tangent  to  the  edges  of  the  two  connected  arms, 
and  also  tangent  to  tlie  circle  marking  the  diameter  of  the  web. 

The  smaller  curve  connecting  the  two  edges  of  each  arm  with 
the  iJm  must  be  of  such  radius  as  to  be  tangent  to  the  arm  and  to 
the  19-inch  arcs  which  mark  the  inside  of  the  rim  (less  ^  inch). 
All  these  lines  are  shown-  dotted  in  Fig.  171.  The  arms  are  now 
ready  for  sawing  to  shape  on  the  band  or  scroll  saw,  care,  being 
taken  to  saw  just  oiif.ikle  of  the  lines  so  that  each  arm  may  retain 
its  full  size  and  width. 

After  sawing  to  shape,  the  edges  must  be  dressed  smooth  and 
free  from  all  irregularities  of  the  sawing. 

Next,  from  the  web  circle,  taper  the  arms  to  |  inch  in  thickness 
at  the  extreme  ends,  care  being  taken  to  see  that  the  taper  of  both 
sides  of  the  arms  is  uniform  from  the  web  circle  to  the  rim, 

The  shape  of  the  arms  should  be  elliptical  or  nearly  so,  and  a 
cross-section  at  aii^^  point  in  an  arm  may  be  obtained  in  the  same 
manner  as  described  for  the  hand  wheel  shown  in  Figs.  170  and  171, 
and  the  methods  used  for  shaping  and  finishing  are  the  same. 
For  building  the  rim,  a  wooden  chuck  20^  inches  in  diameter  will 
be  necessary. 

A  board  |  inch  in, thickness  and  having  a  bar  8  inches  wide 
and  of  the  same  thickness,  well  screwed  to  the  back  with  wood 
screws  will  be  all  that  is  necessary  for  a  pidley  of  this  size.  To 
the  8-inch  bar,  the  iron  face-plate  of  the  lathe  is  screwed,  and  the 
whole  turned  oti*  true  in  the  lathe,  especially  the  face  of  the  chuck 
to  which  the  first  layer  of  segments  is  to  be  glued. 

Strips  of  heavy  paper  are  often  glued  between  the  first  layer 
of  segments  and  the  face  of  the  chuck,  so  that  the  rim  and  the 
chuck  may  be  easily  separated  when  the  rim  is  turned  and  finished. 
The  paper  usually  splits,  allowing  separation  without  injury  to  the 
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wood.  A  better  method,  however,  is  to  glue  twelve  blocks,  each  2 
inches  long,  2  inches  wide,  and  |  inch  in  thickness,  to  the  face  of 
the  chuck,  in  the  same  way  as  that  described  for  the  small  hand 
wheel  shown  in  Fig.  168. 

When  the  rim  is  finished  it  may  be  sawed  or  cut  ofif  through 
the  blocks  without  injury  to  the  chuck  and  its  future  use.  The 
segments  to  form  the  rim  should  be  six  in  number  for  each  layer. 
They  should  be  I  inch  w4de,  and  cut  from  |-inch  or  ^-inch  stock, 
lengthwise  with  the  grain  of  the  board,  so  as  to  avoid  end  wood. 
The  first  layer  is  fitted  and  glued  to  the  blocks  (or  to  the  face  of 
the  chuck  with  paper  between),  and  securely  clamped  with  small 
hand-screws,  thre(}  to  each  segment.  When  the  glue  is  dry,  one  hour 
being  sufficient  for  thin  |-inch  segments,  j)lace  the  chuck  in  the 
hithe,  and  carefully  turn  off  the  face  of  the  segments  true  and 
straight  to  receive  the  second  layer. 

This  layer,  in  turn,  is  turned  off  in  the  lithe  aiid  the  third 
layer  is  glued  on,  hand  screws  being  used  on  each  layer  as  on  the 
first,  and  the  joints  of  the  segments  so  broken  that  no  two  will 
be  directly  opposite  each  other,  all  joints  being  carried  to  right  or 
left  of  all  preceding  joints,  thus  securing  the  greatest  possible 
strength  to  the  rim. 

No  nails  should  be  used  in  any  work  of  this  description. 
Having  ghied  on  a  sufficie*it  number  of  layers  to  form  half  of  the 
rim,  turn  it  to  the  required  external  and  internal  diameters,  making 
the  thin  or  outer  edge  of  the  half  rim  next  to  the  chuck,  and  care- 
fully giving  the  required  draft  to  each  side. 

Before  removing  the  half  rim  from  the  chtick,  turn  a  groove  ^ 
inch  to  ^  inch  in  depth  and  of  about  one  third  of  the  width  of  its 
thickness  in  the  edge  of  the  rim,  as  shown  in  Fig.  173  at  a.  Re- 
move the  half  rim  from  the  chuck  (or  cut  from  the  blocks),  and 
proceed  to  build  up  and  to  turn  the  second  half  h  in  the  same  way 
as  the  first.  Instead,  however,  of  turning  a  groove  on  its  edge, 
carefully  turn  and  fit  a  small  projection,  or  tongue,  to  the  groove 
in  the  half  a,  as  shown  in  the  drawing.  If  the  work  has  been  done 
with  care  and  accuracy  the  groove  and  tongue  will  bring  the  two 
halves  into  perfect  alignment. 

The  arms  are  next  fitted  centrally  to  each  half  of  the  rim,  and 
the  two  halves  glued  togetner  over  the  arms  in  the  same  way  as 
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described  for  thi>  hand- wheel  pattern.  The  projecting  ends  of  the 
arms  are  cut  off  and  shaped  to  form  a  part  of  the  oiitside  of  the 
rim.  The  internal  curves  of  the  arms  at  the  inside  of  the  rim  are 
also  filed  and  shaped  down  so  as  to  form  true  curves  without  ciisps 
or  irregularities.  Tlie  hub  is  next  glued  u})  in  cross-layers  as 
described  in  Fig.  172,  turned  out,  and  glued  centrally  on  each  side 
of  the  arms. 

The  pulley  being  intended  for  a  l|-inch  shaft,  the  core  jDrints 
X  and  y,  Fig.  173,  should  be  1|  inches  in  diameter,  which  will  give 
^  inch  of  metal  for  boring  out  to  fit  the  shaft.  The  two  core  prints 
(Fig.  175)  sliould  bt^  turned  seijarate  from  tin?  hubs,  and  loosely 

attached  with  a  pin  |-  inch 
in  diameter,  and  f  inch  long, 
into  each  half  hub,  so  that 
other  sizes  may  be  used  for 
largeror  smaller  shafts.  The 

two  lialf  hubs  are  often  niarle 

F'ig-  ^'i'^-  loose  so   that  tliey  may  bo 

changed  for  larger  or  smaller  hubs  as  may  be  required  for  different 
sizes  of  shafts.  In  such  cases  they  are  attached  centrally  to  tlie 
arms  as  described  for  the  core  prints. 

A  second  metho<l  in  the  construction  of  such  sjiecial  pulleys 
is  as  follows: 

The  half  rim  having  been  glued  up  as  describinl,  the  hi.slde 
only  of  this  half  is  turned  to  the  required  dimensions  and  draft, 
sand-papered,  and  finished,  the  width  of  the  half  rim  being  made  in 
this  case  -rw  inch  less  than  the  half  of  the  face  of  the  completed 
pattern.  The  arms  are  carefully  centered  and  glued  to  tliis  half 
rim;  and  the  intervening  spaces  between  the  ends  of  the  arms  are 
filled  in  with  six  segments  y^  inch  in  tliickness,  which,  when  glued 
and  dry,  are  planed,  /lot  tvrnefl^  true  and  even  witli  the  surface  of 
the  arms. 

A  layer  of  segments  of  the  regular  thickness  is  fitted  and 
glued  on  over  the  arms,  and  layer  after  layer  continued  until  the 
full  width  of  tlie  face  of  the  i)atterii  is  reached,  thus  building  the 
arms  directly  into  their  place  in  the  pattern  as  the  rim  is  glued  up. 
In  turning  and  finishing,  care  must  be  taken  not  to  strike  the  arms 
with  the  tools  while  turning  out  the  inside  of  the  outi^r  half  of  the  rim. 
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This  method  will  be  found  ooiivciiient  for  all  pulleys  of  mod- 
erate width  of  face;  but  as  the  spaces  between  the  arms  cannot  be 
turned  out,  great  inconveniences  in  reaching  these  places  will  be 
found  when  the  face  of  the  pulley  is  twelve  or  more  inches  in 
width.     These  spaces  must  be  dressed  out  by  hand. 

The  instructions  regarding  the  construction  of  the  last  three 
patterns  should  be  studied  carefully,  because  the  general  points 
involved  enter  largely  into  the  construction  of  patterns  of  all  kinds, 
and  especially  for  all  work  having  arms  with  circular  rims. 

When  XDulleys  of  standard  sizes  for  line  shafting  are  manu- 
factured in  quantities,  a  skeleton  pattern  consisting  of  hub,  arms, 
and  an  independent  iron  rim  is  used.  This  iron  rim  is  of  moderate 
width  but  may  be  used  for  obtaining  any  width  of  face  desired. 

Wooden  patterns  complete  in  themselves,  as  that  described  for 
Fig.  178,  are  used  for  all  special  pulleys  on  machines  when  the 
required  sizes  and  widths,  as  also  hubs  and  connections,  are  irregu- 
lar and  designed  only  for  the  special  machine,  so  that  the  making 
of  pulley  jjatterns  is  important  in  nearly  all  foundries  and  pattern 
shops. 

Where  the  iron  rim  is  to  be  made,  the  same  care  is  necessary 
in  the  building  up  of  the  original  wooden  pattern.  It  must  be 
remembered  that  before  the  final  casting  is  obtained,  two  shrink- 
ages will  take  xjlace;  first,  the  shrinkage  of  the  original  casting 
from  which  the  iron  ring  is  turned,  and  tluni  the  shrinkage  of  the 
casting  made  from  this  pattern.  In  addition  to  this,  there  must  be 
the  allowance  for  turning  the  ring  both  inside  and  out  and  for  the 
turning  of  the  outside  pulley  rim.  Suppose  the  pattern  is  to  be 
made  for  a  pulley  two  feet  in  diameter.  The  usual  allowance  for  a 
single  shrinkage  is  made  by  the  shrinkage  rule.  In  this  case  the 
allowance  must  be  doubled.  Thus  in  the  above  pulley,  the  diame- 
ter of  the  wooden  pattern  becomes  21^  -J- 1  =  21^  inches,  standard 
rule  measurements,  or  24  +  4  =  21r|  inches,  shrinkage-rule  meas- 
urements. As  a  very  smooth  surface,  free  from  holes,  is  required, 
4  inch  in  diameter,  or  ^  inch  all  aroiuid,  must  be  allowed  for  out- 
side finish  on  the  iron  ring,  and  ^-  inch  for  finish  on  the  rim  of  the 
cast-iron  pulley. 

The  outside  diameter  of  the  original  wooden  pattern  is  24|  + 
I  +  i  =  24|  inches,  with  shrinkage  rule.     If  the  final  thickness  of 
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the  pulley  riui  is  to  be  f  inch,  this,  with  the  allowance  o  ^  inch 
for  turning  out  the  inside  of  the  iron  ring,  makes  the  n.side  diam- 
eter  of  the  wooden  pattern  23  inches,  and  the  thickness  of  the 
wooden  rim  -R  inch,  all  shrinkage-rnle  measurements. 

This  wooden-ring  pattern  must  be  built  up  on  a  chuck,  as 
described  for  the  20-inch  X  6-inch  pulley,  the  segments,  six  in  num- 
ber for  each  layer,  fitted,  glued,  and  clamped  with  three  hand  screws 
to  each  segment  until  a  width  of  6i  inches  is  reached. 

It  is  then  turned  to  the  above  dimensions,  loithout  any  draft, 
and  sent  to  the  foundry,  where  it  maybe  used  for  obtaining  an  iron 
rim  of  any  rcnpiired  width  by  first  ramming  the  sand  about  the 
pattern,  partly  drawing  it,  and  then  ramming  again  to  a  new  level. 
The  casting  thus  obtained  is  then  turned  to  the  dimensions 
called  for  by  an  ordinary  pattern;  that  is  to  say,  the  shrii^age-ru  e 
measurements  would  leave  it  m  inches  in  diameter  on  the  inside 
and  24i  inches  on  the  outside,  permitting  a  final  finishmg  of  the 
outside  of  the  rim  of  the  pulley  to  a  diameter  of  24  inches,    ^^hen 
this  is  done,  two  i-ineh  holes  should  be  drilled  near  one  edge  of  the 
rim  and  diametrically  opposite  each  other,  into  which  hooks  may 
be  inserted  for  drawing  the  pattern.     This  rim  should  also  be 
turned  straight  and  without  any  draft. 

The  arms  are  usually  made  with  a  wooden  pattern,  which  has 
a  dowel-pin  hole  on  each  side  at  the  center  for  attaching  the  hubs 
that  are  loose,  the  object  being  to  change  their  length  and  diame- 
ter to  suit  the  width  of  the  rim  and  the  diameter  of  the  shaft  upon 
which  the  pulley  is  likely  to  be  placed. 

The  arms  of  all  pulleys  should  be  straight  because  of  the 
greater  strength  given  to  the  pulley  as  a  whole  the  driving  and 
resisting  power  being  at  least  one-third  greater  than  m  a  puUey  of 
the  same  dimensions  having  curved  arms.  Curved  and  shaped 
anns  of  all  kinds  are  now  used  only  for  ornamental  purposes  and 

for  very  light  work.  .         m 

The  arms  shoukl  bo  six  in  number,  except  for  verj  sma.l 
ptJleys,  wlien  five  and  even  fonr  are  often  used.  The  dimensmns 
of  the  arn.s  vary  greatly,  dei^nuling  on  the  purpose  for  which 
the  puUey  is  to  be  used,  and  the  weight  of  the  n.achinery  to  be 
driven. 
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For   the   begiuiicr   the   following   formula    is  safe  to  follow: 
h  =  j'^^\         in  which 

h  =  the  breadth  of  the  arm  at  the  outer  end, 
d  =  the  outside  diameter  of  the  pulley, 
IV  =  the  width  of  the  rim, 
n  =  the  number  of  arms, 

all  dimensions  being  taken  in  inches.  Thus,  for  a  pulley  24  inches 
in  diameter  w^ith  a  rim  0  inches  wide  and  fitted  with  5  arms,  the 
formula  becomes- 


•j> 


5x8 


Hence,  h  =  l.oo  inches  or  1^  inches. 

The  width  of  the  arm  should  be  one-fourth  greater  at  the  hub 
than  at  the  rim.  The  thickness  at  the  hub  and  rim  should  be  one- 
half  the  width,  and  the  section  should  be  elliptical.  The  arm  just 
calculated  then  becomes, 

13>2  inches  wide  at  rim, 

%  inch  thick  at  rim, 
IJ^  inches  wide  at  hub, 
1      inch  thick  at  hub. 

For  the  skeleton  pattern  last  described,  the  common  method 
of  constructing  the  x)attern  for  the  arms,  is  to  make  each  arm  of  a 
separate  piece  of  wood  with  the  grain  running  in  the  general  direc- 
tion of  the  arm,  and  to  fasten  them  together  at  the  center  with  glue 
and  a  flat  plate  or  disc,  which  can  also  be  nsed  as  a  rapping  plate. 
This  pattern  need  be  parted  only  in  the  case  of  very  large  and 
heavy  wheels.  For  all  ordinary  work  it  can  be  made  in  one  piece 
and  moulded  as  directed  in  connection  with  the  hand  wheel. 
Fig.  167. 

HUBS. 

An  ordinary  rule  is  to  make  the  outside  diameter  of  the  hub 
twice  the  diameter  of  the  shaft.  The  two  half  hubs  (one  on  each 
side  of  the  arms)  are  usually  loose  and  are  held  central  by  a  single 
dowel  pin.  Their  diameters  are  adapted  to  the  size  of  the  shaft 
upon  which  the  pulley  is  to  run,  and  the  length  is  proportioned  to 
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the  vridth  of  the  rim  as  well  as  its  diameter.     The  length  of  the 
hub  should  be  about  two-thirds  the  width  of  the  rim  except  in  th. 
cases  of  tiglit  and  loose  pulleys,  where  the  hub  should  be  a  tritie 
longer  than  the  Avidth  of  the  rim.     It  may  then  project  about  ^  inch 
on  the  sides  in  contact,  and  \  inch  on  the  outside. 

RAPPING  PLATES. 

In  the  descriiDtion  of  the  making  of  the  pulley  pattern,  the 
ring  serv'ing  as  a  binder  for  the  hub  is  spoken  of  as  a  rapping  plate. 
When  a  pattern  is  imbedded  in  the  sand,  the  latter  is  closely  com- 
pressed all  about  it,  and  slightly  adheres.  The  moulder  is,  there- 
fore, in  the  habit  of  rapping  the  pattern  gently  in  order  to  loosen 
it  in  the  sand  before  attempting  to  draw  it.  If  the  pattern  is  not 
provided  with  a  metal  plate,  the  moulder  will  drive  the  sharp  point 
of  a  lifter  into  the  wood  and  strike  it  alternately  on  opposite  sides 
and  at  the  same  time  use  it  to  lift  the  pattern  from  the  sand.  This 
mars  the  pattern  and  will  in  time  ruin  it.  The  rapping  plate, 
shown  in  the  engraving,  is  a  piece  of  thin  metal 
^  to  -nr  inch  thick,  inserted  so  that  it  is  flusli 
with  the  parting  face  of  the  pattern  and  is  held 
by  wood  screw*s  with  countersunk  heads.  These 
plates  are  drilled  and  tapped  for  a  |-inch  screw 
13     and  should  be  the  same  for  all  patterns  in  the 


]<ap|)ing  Plate.  foundry  so  that  one  set  of  rods  can  be  used 
interchangeably.  The  method  of  using  is  to  screw  the  rod  into 
the  plate  and  rap  it  gently  to  and  fro  until  the  pattern  has  been 
loosened,  when  it  may  be  lifted.  For  small  patterns,  one  rapping 
plate  will  be  sufficient  and  this  should  be  so  placed  that  the  hole 
for  the  lifting  rod  comes  directly  over  the  center  of  gravity  of  the 
piece.  This  will  prevent  tilting  of  the  pattern  as  it  is  lifted  from 
the  sand.  For  medium  sized  patterns,  two  rapijing  plates  should 
be  provided,  so  that  the  pattern  can  be  raised  from  two  opix)site 
sides.  For  still  larger  patterns  three  or  four  raj^jing  plates  are 
used;  the  object  being  to  give  such  perfect  control  when  drawing 
that  there  can  be  no  tearing  away  of  the  sand. 

METAL   PATTERNS. 

Metal  pattei'ns  are  extensively  used  where  either  one  of  two 
conditioiis  prevail:  first,  where  the  character  of  the  work  is  so  light 
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and  delicate  tliat  a  wooden  pattern  could  not  hold  together,  as  in 
ornanKmtal  castings;  and  second,  where  such  a  large  number  of 
castings  are  to  be  made  that  the  wooden  pattern  would  not  last 
long  enough  to  complete  the  work.  Metal  patterns  may  be  made 
of  iron,  brass,  or  aluminum.  The  latter  metal  is  coming  into  great 
favor  because  of  its  light  weight  audits  freedom  from  corrosion  by 
the  moist  sand.  These  patterns  should  be  given  a  light  coating  of 
shellac  varnish,  but  it  is  not  absolutely  necessary.  Where  iron  is 
used,  some  preservative  must  be  put  upon  the  surfaces  to  protect 
them  from  rust.  The  best  method  is  to  warm  the  metal  and  rub  it 
with  a  rag  dipped  in  melted  beeswax.  This  excludes  the  air  and 
leaves  a  smooth  surface  so  that  it  is  easily  drawn  out  of  the  sand. 
This,  however,  is  not  a  very  durable  protection;  the  more  common 
method  is  to  use  a  shellac  varnish.  In  order  that  the  varnish  may 
adhere,  the  metal  should  first  be  wet  with  a  solution  of  sal  ammo- 
niac, and,  when  dry,  sand-papered  and  shellaced. 

In  the  small  12-inch  crank  pattern  shown  in  Fig.  176,  is  shown 
a  very  simple  one-piece  pattern.  In  spite  of  its  simplicity  it  requires 
considerable  skill  in  shaping 
and  in  obtaining  the  neces- 
sary draft.  The  parting  of 
the  mordd  will  be  on  the  line 
C  D.  The  piece  e,  for  the 
main  body  of  the  pattern,  C- 
should  be  made  n^ctangular  in 
form,  and  laid  off  with  center 
lines  from  which  the  positions  Fig.  176. 

of  the  bosses  c,  h,  and  d,  and  the  core  print  x  may  be  drawn  on  the  upper 
and  lower  sides  respectively.  The  bosses  are  turned  on  the  lathe 
to  the  required  form,  and  given  a  draft  of  \  inch  to  12  inches.  After 
h  and  0  have  been  glued  on,  the  part  e  is  sawed  to  shape,  sawing 
close  to,  but  not  touching  h  and  c  with  the  saw.  The  thin  boss  d 
is  next  glued  in  place,  after  which  e  is  filed  and  dressed  to  the 
required  shape  and  even  with  h  and  c,  giving  it  the  same  draft, 
\  inch  to  12  inches,  but  in  the  opi)osite  direction  from  the  parting 
line  C  D.  The  rib  a  is  next  turned  on  the  lathe,  and  one  side  split 
>>ff  on  the  band  saw,  after  which  it  is  fitted  between  h  and  c.  The 
j    core  prints  may  be  turned  with  a  small  tenon  on  one  end  to  fit  into 
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holes  bored  in  the  pattern,  or  tliey  maybe  turned  flat  on  both  ends 
and  nailed  on.  Core  prints  x  and  x  must  have  no  more  draft  than 
is  given  to  the  body  of  the  pattern  {\  inch  to  12  inches);  but  z  and 
2,  which  will  be  moulded  in  the  cope,  must  be  \  inch  less  in  diame- 
ter at  the  upper  end  than  the  diameter  at  the  base. 

The  heavy  engine-crank  i^attern  illustrated  by  Fig.  177,  differs 
but  little  in  general  construction  from  that  shown  in  Fig.  17(),  ex- 
cept that,  being  large  and  heavy, 
it  must  be  built  up  out  of  thin 
stock,  as  shown  in  the  drawing. 
The  stock  is  first  glued  up  to 
the    necessary   thickness,    after 
which  it  is  laid  owi  and  sawed  to 
shape  as  one  piece,  the  saw  table 
being  tilted  slightly  to  give  the 
j.-j^r.  177.  required  draft,  which  in  this  case 

must  not  be  more  than  ^  inch  or  -^  inch  to  12  inches. 

The  bosses  e  and  /'  are  also  glued  up  out  of  thin  stock,  the 
pieces  being  crossed  so  that  the  grain  of  each  will  be  at  right 
angles  to  that  of  the  other,  as  illustrated  in  Fig.  172,  after  which 
they  are  turned  with  a  draft  of  \  inch  to  12  inches,  and  fitted  1o  a. 

Of  the  four  core  prints 
only  X  and  x  will  have  exces- 
sive draft,  as  exijlained  in  con- 
nection with  Fig.  17();  z  and 
z  must  have  no  more  draft 
than  the  body  of  the  pattern. 
The  parting  of  the  mould,  as 
in  the  former  case,  w^ll  be  on 
the  line  F  G. 

In  Fig.  178,  is  illustrated 

.     .    n       -,  •  7-  7  Fig.  178. 

a  hnished  cast-iron  disc  crank 

for  an  engine  of  12-inch  stroke.  This  crank  is  finished  on  the  face,  ( 
on  the  outer  edge,  and  on  the  end  of  the  hub.  It  is  bored  out  3^  ! 
inches  to  fit  on  the  engine  shaft,  and  2|  inches  to  receive  the  wrist 
pin.  An  addition  of  ^~  inch  must  be  allowed  on  the  pattern  for  j 
finish  of  the  face,  and  the  same  on  the  end  of  the  hub;  -h  inc^  i 
will  be  sufficient  to  add  for  finish  on   the  out(T  rim,  making  the  | 
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diameter  of  the  pattern  Ki-j^g-  inches,  and  the  thickness  of  the  disc 
^  inch.  A  sectional  view  of  the  piittem  is  sho\^^l  in  Fig.  179. 
The  disc  for  this  pattern  must  be  made  of  two  thicknesses  of 
sectors,  six  in  nimiber  for  each  thickness,  which,  after  being  fitted, 
glue-sized,  and  glued  together,  are  planed  off  true  on  both  sides, 
iind  glued  on  each  other  so  as  to  break  joints,  as  shown  in  Fig.  180. 
When  dry,  the  disc  thus  obtained  is  sawed  to  a  diameter  of  l<i| 
inches  and  glued  to  the  wooden  chuck  on  the  iron  face-plate  of  the 
lathe  with  small  sectors  of  thick  pai^er  between,  or  else  glued  to 
small  blocks  on  the  chuck,  from  which,  after  turning,  it  can  be  cut 
as  illustrated  in  Fig.  168.  The  rim  is  now  built  up  on  the  disc  out 
of  segments  |  inch  or  h  inch  in  thickness,  as  directed  for  the  20- 
inch  pulley  (Fig.  173).  with  not  less  than  six  segments  to  each 
course.  The  hub  is  glued  up  as  described,  and,  after  gluing 
on  the  disc,  the  whole  is  turned  to  the  required  size  and  shape. 
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Fig.  179.  ^^^§^ri  i: 

Fig.  180. 

In  the  case  of  this  disc-crank  pattern,  a  small  disc  of  paper 
(or  a  block,  if  blocks  are  used)  should  be  placed,  without  gluing, 
under  the  center  of  the  disc,  to  prevent  looseness  and  vibration 
while  being  turned  in  the  lathe.  The  boss  a,  to  receive  the  wrist 
pin,  must  be  glued  iip  in  the  same  way  as  the  hub  (see  Fig.  172), 
and  turned  on  the  lathe,  after  which  it  is  fitted  into  ix)sition  as 
indicated  in  Figs.  178  and  179.  The  counter- weight  b  is  next  shaped 
from  a  single  piece,  or  it  may  be  glued  up  of  several  thicknesses  of 
|-ixich  stock.  In  sawing  this  block  to  shape,  the  band-saw  table 
should  be  tilted,  so  as  to  give  it  a  draft  of  |  inch  to  12  inches.  Give 
•the  inside  of  the  rim,  the  hub,  and  the  boss  a,  the  same  draft,  but 
the  outside  of  the  rim  should  not  have  a  draft  of  more  than  ^  inch 
to  12  inches. 
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When  turning  on  the  inside  of  the  rim,  &  fillet  or  curve  must 
be  made  where  it  joins  the  disc,  of  |-inch  radius,  as  shown  at  i\ 
Fig.  179.  The  same  curve  must  be  turned  at  the  base  of  the  hub. 
Around  the  counter-weight  block,  and  also  around  the  wrist  boss, 
a  f-inch  leather  fillet  can  be  used. 

For  convenience  in  moulding,  the  two  core  prints  x  and  // 
should  be  turned  with  a  tenon  f  inch  in  diameter  and  f  inch  long, 
to  fit  into  the  holes  in  the  face  of  the  disc,  so  that  they  can  be 
removed  when  the  pattern  is  laid  on  its  face  on  the  moulding  board. 
The  core  i)rints  v  and  z  are  turned  without  tenons,  being  glued  and 
nailed  in  position. 

FILLETS. 

The  fillets  spoken  of  in  connection  with  Fig.  179,  are  used  in 
all  except  the  most  simple  patterns.     They  consist  of  a  small  quar- 
ter curve  varying  in  size  from  ^-  inch  radius  upward,  depending  on 
the  size  of  tlie  imttern  and  the  room  they  can  be  idlowed 
to  occupy.     They  should  be  placed  in  all  corners,  wher- 
_^     ever  possible,  so  that  there  may  be  no  sudden  changes 
Fig.  181.     in  the  direction  of  the  surface  of  the  casting,  which  causes 
weakness,  the  fillets  adding  greatly  to  the  strength  of  the  casting. 

These  fillets  are  made  in  various  ways,  the  wooden  fillet,  cut 
as  in  Fig.  181,  being  commonly  used  for  all  long,  straight  angles, 
or  for  very  fiat  curves  to  whicli  it  can  be  bent. 

For  irregular  angles  and  for  short  radius  curves,  beeswax  was 
formerly  used,  but  the  modern  leather  fillet  has  almost  entirely 
superseded  beeswax  and  other  material  for  this  i^urpose.  It  is 
easily  applied,  shaping  and  adapting  itself  to  any  and  all  positions 
and  angles.  It  can  hv,  bouglit  in  all  sizes  from  ^  inch  up,  the  sizes 
running  by  sixteenths.  The  metliod  6f  applying  it  is  to  cut  it  to 
the  necessary  length  and  lay  it  on  a  board  where  the  glue  can  be 
easily  brushed  over  it.  It  is  then  laid  in  the  angle  and  rubbed  inti 
position  by  means  of  a  dowel  rod,  the  end  of  which  must  be  rounded 
off'  as  shown  for  the  connecting  dowel  pins  of  a  parted  pattern.  Fig. 
152.  The  dowel  rod  must  be  of  such  size  as  to  impart  the  required 
curve  to  the;  soft,  pliable  leather  fillet.  As  soon  as  the  fillet  is 
rubbed  into  xjosition  all  surplus  glue  must  innnediately  be  wiped 
off  before  it  sets.     This  is  easily  done  with  a  small  piece  of  waste 
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or  a  rag  dipped  in  the  hot  water  of  tlie  outer  glue-pot  and  wrung 
out  nearly  dry,  care  being  taken  not  to  wet  any  part  of  the  imttern 
more  than  can  possibly  be  helped,  after  w^hich  it  must  at  once  be 
wiped  dry. 

These  leather  fillets  will  be  found  more  pliable  and  more 
easily  placed  and  rubbed  into  position  if  the  glue  used  is  first 
allowed  to  cool  slightly.  Very  hot  glue  stiffens  and  crinkles  the 
leather,  causing  it  to  work  hard. 

FACE   PLATE. 

It  is  sometimes  advisable  to  use  cores  even  if  it  is  quite  p)ossible 
to  construct  the  pattern  so  that  it  would  core  its  own  holes.  This 
is  the  case  where  it  is  desired  that  the  faces  of  the  casting  and  the 
holes  shall  be  smooth  and  as  true  as  possible  without  expensive 


a.  Fig.  182.  b. 

machine  work.  The  finished  face-plate  of  an  engine  lathe  illus- 
trated in  Fig,  182  is  a  good  example  of  such  work. 

It  will  be  readily  seen  that  the  i^attern  for  this  casting  could 
be  put  in  the  sand  and  withdrawn  from  the  mould,  leavi-.g  the  sand 
standing  where  the  holes  are  located. 

The  trouble  that  arises  from  this  method  is  due  to  the  fact  that 
when  the  metal  is  poured  and  allowed  to  flow  about  the  fragile  pro- 
jections that  are  left  to  form  tlu^  holes,  the  sand  washes  away,  so 
that  the  holes  in  the  casting  are  irregular  and  u^uch  smaller  than 
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those  in  the  pattern.  For  these  reasons  the  holes  should  be  cored, 
as  the  core  sand  is  firm  and  better  able  to  resist  the  washing  action 
of  the  flowing  metal. 

The  patterns  for  such  a  face  plate,  a  cross-section  of  which  is 
shown  in  Fig.  183,  should  be  made  as  follows:  The  allowance  for 
finish  on  the  face  of  the  casting  should  be  not  less  than  -^  inch, 
and  the  same  should  bo  added  to  the  diameter  and  also  to  the  end 
of  the  hub.  Having  thus  determined  the  thickness  and  size  of  the 
pattern,  the  disc  should  be  built  up  of  from  four  to  sixteen  sectors, 
according  to  the  size  of  the  plate.  If  the  diameter  is  between  24 
and  42  inches,  sixteen  sectors  should  be  cut  out,  each  filling  an  arc 
of  45°,  so  that  when  eight  are  placed  edge  to  edge 
they  will  complete  the  circle.  The  tliickness  should 
be  a  little  more  than  one-half  the  completed  thickness 
of  the  pattern  disc,  and  tliey  should  be  laid  up  sc  as 
to  form  two  layers,  breaking  joints  with  each  other 
as  shown  in  Fig.  180.  When  the  disc  is  formed,  the 
liub  should  be  first  glued  in  position,  this  also  being 
bv.ilt  up  of  pieces  glued  together,  and  the  whole 
attached  to  a  large  wooden  chuck  and  iron  face-plate 
of  the  pattern  lathe  in  the  same  manner  as  described 
for  the  disc-crank  (Fig.  178).  The  rim  is  next  built 
, L  upon  the  disc  in  the  same  way  as  has  been  described 

,,.     .„„         for  former  patterns.     If  the  face  plate  is  very  Lirs^c 
Fig.  i83.  ^  .  -^    ^  ,  .          . 

the  segments  may  be  ^  inch  or  even  §  inch  in  thick- 
ness, and  to  avoid  end  wood,  eight,  twelve,  or  even  sixteen, 
segments  may  be  used  for  each  layer  according  to  the  diamet(^r  of 
the  rim. 

The  pattern  now  consists  of  the  disc  with  the  rim  and  hub  in 
position,  but  larger  tlian  they  should  be.  It  is,  therefore,  placed 
in  the  lathe  and  carefully  turned  over  its  whole  surface,  each  part 
and  tliickness  being  brought  to  the  shape  and  dimensions  of  the 
completed  pattern,  care  being  taken  to  turn  in  a  fillet  of  ^  inch  to 
^  inch  radiiis,  depending  on  the  size  of  the  required  casting,  in  the 
angles  connecting  the  rim  and  the  hub  with  the  disc.  Next  put  in 
the  ribs;  it  is  not  necessary  to  form  these  out  of  built-up  material, 
for  each  may  be  cut  from  a  single  piece.  They  should  be  carefully 
€tted  to  form  a  close  joijit  with  the  rim,  the  disc,  and  the  hub, 
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before  they  are  glued  iu  position.  When  this  is  done,  all  angles 
formed  by  the  rim,  ribs  and  hub  witli  each  other  should  be  care- 
fully filleted. 

After  the  fillets  are  iu  position,  it  remains  to  provide  for  the 
coring  of  the  holes.  This  is  done  by  first  laying  out  upon  the  face 
of  the  pattern  the  location  and  size  of  the  holes.  It  is  upon  the 
points  thus  located  that  the  core  prints  are  placed.  Before  this  is 
done  it  miist  be  decided  which  side  of  the  casting  is  to  be  made 
uppermost. 

Where  a  large,  flat  surface  is  to  be  given  a  finish,  it  is  desirable 
that  the  metal  should  be  as  clean  and  free  from  sand  and  blowholes 
as  possible.  As  the  iron  has  a  greater  specific  gravity  than  the 
sand  of  the  mould,  all  particles  of  sand  that  may  be  washed  away 
and  all  gases  generated,  rise  to  the  surface  of  the  molten  metal. 
Those  imprisoned  by  the  cooling  of  the  iron  form  the  dirt  and 
blowholes  that  disfigure  the  completed  casting.  In  a  casting  such 
as  the  face-i3late  under  consideration,  it  is  desirable,  then,  that  the 
face  should  be  upon  the  lower  side  when  the  metal  is  poured.  For 
the  sake  of  convenience  in  setting  the  cores,  the  prints  are  put 
uix)n  the  face  and  make  their  impress  in  the  sand  of  the  drag. 
They  should  be  glued  and  nailed  in  position  after  the  pattern  itself 
has  been  sand-papered.  The  core  prints  for  the  hole  through  the 
center  are  also  put  on  iu  the  same  way. 


PIPE  CONNECTIONS. 

Many  patterns  which  at  first  may  seem  to  bo  quite  formidable, 
will,  after  a  little  study,  resolve  them- 
selves into  a  few  very  simple  parts,  nearly 
all  the  work  for  which  may  be  done  in 
the  lathe.  Of  this  the  tee  pipe  connec- 
tion shown  in  Fig,  184,  is  a  good  illus- 
tration. 

A  sectional  view  of  the  casting, 
threaded  and  having  a  pipe  screwed  into 
the  right-hand  end,  is  shown  in  Fig.  185.  ^^S-  IS^- 

The  completed  pattern  for  this  casting  is  illustrated  in  Fig. 
186,  with  its  core  prints  a,  a  and  a,  and  must  be  parted  as  shown 
in  Fig.  187.    The  entire  pattern  may  be  made  at  a  single  turning 
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as  illustrated  in  Fig.  188.  The  preparation  of  the  wood  for  this 
pattern  is  similar  to  that  described  for  the  pattern  of  the  brass 
bearing,  Fig.  150;  the  two  halves  having  the  necessary  dowel  pins 
inserted,  and  glued  together  at  the  extreme  ends  only. 

When  there  is  not  time  for  the  glue  to  dry,  all  such  parted 
work  may  be  held  together  while  being  turned,  by  having  staples 
driven  into  the  ends  as  shown  in  Fig.  188.     Indeed,  for  all  large 

and  heavy  work  this  method  is  to 
be  preferred;  two,  and  even  four, 
staples  being  used  in  each  end  as 
the  size  of  the  work  may  demand. 
When  the  turning  is  completed, 
it  is  only  necessary  to  cut  a  V- 
shaped  oj^ening  into  the  two 
halves  of  e,  into  which  the  part/ 
is  fitted  and  glued.  When  the 
glue  has  set  and  is  sufficiently 
dry,  the  joint  may  be  further 
strengthened  by  nailing,  or  by  inserting  and  screwing  a  thin  metal 
connecting  x^hite  flush  with  the  parting  side  of  eacli  half  of  the 
pattern.  This,  however,  will  be  necessary  only  when  patterns  are 
large  and  heavy,  or  when  unusual  strength  is  required. 

The  core  box  for  this  pattern,  as  will  be  seen  in  Fig.  189,  is  the 
usual  half  box  and  is  made 
by  working  out  the  box  in 
one  piece,  long  enough  to 
make  the  two  parts  a  and  h. 
The  two  parts  are  united  by 
cutting  a  V-shaped  opening 
in  the  imrt  a  and  fitting  l 
into  it  in  the  same  way  as 
described  for  the  pattern. 
The  whole  is  then  glued  and 
screwed  to  the  board  c,  and 


Fig.  185. 


Fig.  ISO. 


the  two  triangular  blocks  d  and  d  are  glued  in  the  angles  to  add 
strength  to  the  completed  box.  In  case  the  pattern  is  for  a  very 
small  pipe,  1\  inches  or  imder,  the  part  l  may  be  abutted  against 
the  side  of  «,  as  shown  by  the  dotted  line,  and  the  side  of  a 
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at  ('  cut  away  to  the  same  curve  as  h.  giving  the  same  results  as 
ill  the  former  method. 

The  pattern  for  the  2-inch  elbow,  Fig.  IVMJ,  is  another  illustra- 
tion of  how  such  work  may  be  simplified,  and  time  saved,  by 
doing  the  greater  part  of 
tlic  work  in  the  lathe. 

As  these  elbows  are 
usually  cast  in  large  num- 
bers, the  pattern  should  be 
made  double  as  shown  in 
Fig.  191.  To  construct  the 
double  pattern,  a  ring  is 
first  turned  like  Fig.  192.  a  cross-section  of  which  is  a  semicircle 
as  shown  in  the  lower  right-hand  comer  of  the  drawing.    This  ring 


^^a 


a  \^i 


Fig.  188 


is  cut  into  quarters,  and  the  four  pieces  e,  e,  e  and  e  make  the 
quarter  turns  for  the  two  halves  of  the  double  pattern. 

The  ends,  inchtding  the  core  prints  and  connecting  tenons,  are 


Fig.  189. 


Fig.  190. 


turned  in  one  piece  as  shown  in  Fig.  193,  the  stock  for  which  is 
prepared,  with  the  inserted  dowel  pins  all  in  position  in  the  same 
manner  as  described  for  the  tee  pattern,  Fig.  188.    The  quarters,  e,  e, 
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e  and  e  are  clamped  together  two  and  two,  and  the  ends  carefully 
bored  to  receive  the  tenons  which  are  then  glued  in  position  and 
further  strengthened  by  a  wood  screw  as  shoAvn  in  Fig.  191. 


Fig.  101. 

In  Fig.  194,  the  core  box  for  this  double  pattern  is  shown,  and 
as  will  be  seen  the  most  difficult  part  of  the  work  can  be  done  in 

the  lathe.  Fig.  195  shows  two 
pieces  jointed  and  clamped  to- 
gether which  must  be  screwed  to 
the  face-plate  of  the  lathe  and 
turned  out  to  make  the  two 
corners  c  and  c.  The  three 
straight  parts  <7,  d  and  d  are 
worked  out  in  one  long  piece 
and  afterwards  cnt  to  the  re- 
quired lengths,  after  which  the 
Fig.  192.  five  pieces  are  glued  and  screwed 

to  the  board  a.     The  ends  c\  e  are  next  put  on  and  the  required 
half  core  box  is  complete. 


Fig.  19.3. 

Another  reason  why  the  pattern  for  pipe  elbows  should  be  made, 
double  is  that  otherwise  the  core  prints  would  require  to  be  made  of  I 
great  length  in  order  to  balance,  sustain,  and  keep  the  hea\7  core 
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in  iK)sitioii;  the  tendency  being  to  sag  in  the  middle,  or  float  on 
the  molten  iron,  and  thus  make  the  uj^per  side  of  the  casting  too 
thin,  all  of  which  is  avoided  in  the  double  pattern. 


Fig.  19i. 

A  pattern  for  the  return  bend,  Fig.  19f),  can  be  built  wp  and 
constructed  in  the  same  manner  as  described  for  the  elbow ;  the 
semicircular  returns,  not  only  for  the  pattern,  but  also  for  the  core 
box,  being  turned  in  the  lathe,  together  with 
the  ends  and  core  prints  for  the  pattern. 
As  there  will  be  no  middle  support  for  the 
core  in  this  case,  the  core  prints  must  be 
made,  as  shown  in  the  half  pattern,  Fig.  197, 
of  sufficient  length  to  balance  the  heavy  semi-  Fig.  195. 

circular  core,  and  also  to  keep  it  in  its  true  position  in  the  mould. 

The  small  wood  lathe  chuck,  a  vertical  section  of  which  is 
shown  in  Fig.  198.  will  serve  as  a  simple  illustration  of  the  long 


core  print  and  balanced  core.  The  casting  must  be  counter  cored; 
that  is,  the  cored  opening  must  be  enlarged  at  the  forward  end, 
adding  to  the  size  and  weight  of  that  end  of  the  core,  which,  as 
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will  be  seen,  has  no  support  except  tliat  afforded  by  the  extra  length 
of  the  core  at  the  opposite  end.  The  pattern  for  this  chuck  is 
shown  in  Fig.  199,  and  the  core  jjrint  must  have  a  length  at  least 

twice  as  great  as  the  depth 
of  the  hole  in  the  chuck.  The 
core  box  is  shown  in  Fig.  200. 
When  pipes  or  cylinders 
are  of  moderate  size  with  deep 
flanges  for  bolting  together 
(Fig.  201),  the  flanges  for  the 
pattern  are  turned  out  of  a 
separate  disc  as  shown  in 
Fig.  202,  and  firmly  glued  and 
nailed  on  over  the  core  prints 
and  against  the  ends  of  the 
main  body  of  the  pattern; 
the  core  print  being  made  of 
Fig.  197.  sufficient    length    to    receive 

A  recess  is  sometimes  turned  in  the  inside  end 
of  the  core  j)Tmt  to  receive  the  inner  edge  of  the  flange  as 
shown  in  Fig.  20o,  and  into  which  it  is  fitted,  thus  adding  greatly 


the    flano;e 


to  the  strength  of  the  joint. 


SB9 


Fig.  198. 


Fiff.  199. 


The  flanges  should  be  made  by  gluing  up  t/wee  pieces  and 
crossing  the  grain  of  th(;  pieces  so  that  the  grain  of  each  will  run 
at  right  angles  to  that  of  the  other.  In  gluing  pieces  together  for 
thin  discs,  three  pieces  should  always  be  used.  Two  thin  pieces 
glued  together  will  always  warp. 
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A  still  better  aiul  stronger  method  of  making  large  flanges  is 
to  ciTt  out  segments,  five  or  six  for  each  course,  and  fit  and  glue  up 
on  a  clnu'k  and  face-plate  in  the  same  way  as  described  for  the 
hand  wheel  rim  (Fig.  168);  two  or  three  courses  being  used  for  each 


fc=g<mi iim*^ 


Fiff.  202. 


Fig.  200. 


flange,  which  after  being  turned  to  the  required  size  and  form,  the 
ring  is  sawed  in  two  with  a  very  thin  saw,  and  each  half  fitted  into 
place  on  the  pattern.     The  main  body  of  the  jDattern  is  glued  up 


Fig.  201. 

I    out  of  strips  as  shown  at  «,  Fig.  204,  and  for  turning,  the  two 

I    halves  are  held  together  by  means  of  staples  as  shown  in  Fig.  188. 

A  short  temporary  block  is  then  fitted  and  glued  into  the 


FiU.  l(i.'J. 


Fig.  20i. 


opening  in  each  end  to  receive  the  lathe  centers.  A  staple  plate, 
similar  to  that  illustrated  in  Fig.  205,  may  be  used  to  great  advan- 
tage for  all  work  of  this  kind,  making  as  it  does,  a  secure  connec- 
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tion  and  doing  away  with  the  otherwise  temporary  center  block. 

The  method  of  constructing  the  core  box  for  this  or  similar 
patterns,  is  shown  at  6,  Fig.  204. 

Tees,  elbows,  and  other  bcuids  and  connections,  when  large,  are 
built  up  in  a  similar  way,  thus  making  a  lighter,  and  also  more 
durable  pattern. 


Fig.  205. 


Fig.  2O0. 


For  large  cylinders,  a  much  lighter  and  simpler  method  of 
constructing  the  pattern  is  shown  in  Fig.  206.  For  each  half  of 
the  pattern  the  two  end  discs,  and  the  middle  semicircular  disc  are 
connected  together  by  a  strong  c(mter  bar,  which  is  fitted,  glued 


Fig.  208. 


Fisr.  2U7. 


and  screwed  into  each,  serving  not  only  to  strengthen  the  pattern, 
but  also  to  hold  the  connecting  dowel  pins.  When  the  two  halves 
of  the  pattern  are  clamped  together  (with  staples)  it  serves  also  as 
a  secure  means  of  centering  in  the  lathe. 

The  staves  forming  the  body  of  the  cylinder  are  fitted  and 
glued  to  each  other  and  screwed,  or  nailed  to  the  discs     After  the 
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cylinder  has  been  turned,  the  core  jjrints  and  flanges  are  built  up 
and  turned  separately,  and  glued  and  screwed  to  the  ends  of  the 
cylinder  from  the?  inside  of  the  end  discs. 

Fii^.  207  illustrates  still  an-  B  D 

other  and  better  method  of  build- 
ing up  the  cylinder  and  core 
prints  in  one  piece  and  complet- 
ing the  whole  at  a  single  turning. 
The  core  prints,  as  shown,  are 
staved  up  fi  rst,  and  then  the  staves 
to  form  the  body  of  the  pattern 
are  fitted,  glued  and  screwxnl,  or 
nailed,  over  the  ends  of  those 
which  form  the  core  prints. 
Should  the  body  of  the  cylinder 
be  long,  one,  two,  or  more  middle 
semicircular  discs  must  be  used. 


'  \  \  ^ 

I  I 

N  C 

Fig.  209. 


A  similar  construction  for  the  core  box  is  shown  in  Fig.  208, 
and  is  to  be  preferred  to  all  others  because  if  laid  out  and  built  to 
the  exact  size,  the  labor  required  to  reduce  the  staves  to  a  perfect 
semicircle  of  the  required  radius  is  very  little. 

ENGINE  CYLINDER. 

The  slide-valve  engine  is  built  in  a  great  variety  of  forms. 
Fig.  209  represents  a  sectional  view  of  the  cylinder  of  a  very  corn- 


Fig.  210. 

men  type.  At  e  Fig.  210,  we  have  a  cross-section  through  the 
steam  chest  and  exhaust  port  at  A  B;  and  at  F,  a  cross  section  at 
G  D  through  the  steam  port. 
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When  the  cylinder  is  small  (ten  inehes  or  inider  in  diameter) 
the  pattern  is  usually  built  up  solid,  but  if  more  than  ten  or  twelve 
inches  in  diameter  it  should  be  built  of  staves,  as  shown  in  Fig.  211. 


Fig.  211. 

When  the  size  is  thirty  inches  or  over,  a  loam  mould  is  usually 
made  as  will  be  fully  described  in  the  section  on  Foundry  Work. 
The   size  limit,   however,  varies   greatly   in   different  foundries. 

The   construction  of  the  pattern  is 

illustrated  in  Fig.  211,  and  needs  no  de- 

scription  here,  it  being  the  same  as  already 

given  for  Fig.  207.    The  flanges,  however, 

should  be  built  up  of  segments  of  two  or 

three  layers  each  as  shown  in  Fig.  212. 

After  gluing  up  to  the  necessary  thickness 

Fig.  212.  to  make   the  flange,  it  is  sawed  in  two 

halves,  jointed  and  carefully  centered   on  a  wooden  chuck  and 

turned  to  the  dimensions  required. 


Fig.  213. 
The  centering  must  be  done  with  accuracy,  or  one  half  of  the 
flange  ring  will  be  larger  than  the  other.     The  steam  chest  is  next 
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built  and  fitted  centrally  on  the  upper  half  of  the  cylinder  pattern 
as  in  Fig.  218.  Tlie  projections  «,  «,  which  give  the  extra  width 
of  metal  for  the  bolts  of  the  chest  cover  are  left  loose,  being  kept 
in  place  by  long  wires  or  dowel  pins  as  shown  at  c,  c,  so  that  they 


Hw;^^>--^^-i^^^^ 


'^ 


^F 


g  R 

Fig.  214. 
can  be  withdrawn  separately  from  the  mould  after  the  main  ixirt  of 
the  i)attern  has  been  taken  from  the  sand.  These  four  strips  should 
be  recessed  into  the  corners  of  the  chest  one  quarter  inch,  as  shown 
by  the  dotted  lines,  to  prevent  them  from  being  rammed  out  of 
place  after  the  dowel  pins  are  taken 
out.  The  boss  i  for  the  valve-rod  stuff- 
ing box,  and  also  the  boss  k  around 
the  steam-pipe  opening,  must  be  loose 
so  as  to  be  taken  out  of  the  mould 
after  the  pattern  has  been  removed.  Fig.  215. 

The  pieces  o,  o,  at  each  end  of  the  steam  chest,  which  form  a 
thickness  of  metal  over  the  steam  ports,  are  next  fitted  in  place,  as 
also  the  exhaust  passage  n  which  must  be  parted  on  the  line  of 
parting  of  the  two  halves  of  the  cylinder  pattern. 

The  main  core  box 
for    the    cylinder    is 
made  in  the  same  way 
as  has  been  already    ^ 
described  for  Fig.  208.  G  H  F 

The  steam -chest  core  Fig.  216. 

box  is  shown  in  Fig.  214,  in  which  P  is  a  side  view,  one  side  of  the 
box  being  removed  to  show  the  valve  seat  v^  and  the  core  prints  a*, 
2,  and  y,  which  form  recesses  in  the  core,  into  which  the  ujoper  ends 
of  the  two  steam  inlet  cores,  and  the  central  exhaust  passage  core 
are  placed.  Q  is  an  end  view  of  the  box  with  one  end  removed, 
and  R  is  a  view  looking  into  the  box  from  above. 

For  the  core  forming  the  exhaust  i)assage,  two  half  core  boxes, 
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one  right  and  one  left,  will  be  necessary.  One  half  of  this  box  is 
illustrated  at  S,  Fig.  215,  as  also  a  sectional  view  at  T.  The  dotted 
lines  show  the  manner  in  which  the  passage^  is  widened  to  retain 
the  full  size  of  the  opening  throughout. 

Only  one  con>  box  will  be  needed  for  the  two  steam  ports. 
Three  views  of  the  box  are  given  in  Fig.  216.  At  Gr  one  side  is 
removed,  giving  a  side  view  of  the  construction  of  the  box.  H 
shows  a  cross  section  through  G  with  the  end  u  removed,  and  F  is 
a  view  from  above.  The  core  is  swept  off  on  tlic  upper  side  for  the 
length  of  e  e,  and  the  bar  e  e  as  well  as  the  end  ii  must  be  movable 
so  that  the  core  can  be  taken  from  the  box.     Both  ends  of  the  core 

change  from  circular 
into  straigh  t  parts  j  ust 
at  the  entering  of  the 
cylinder,  and  at  the 
entering  of  the  steam 
chest. 

The  entire  set  of 
patterns  are  simple 
and  easy  of  construc- 
tion, if  carefully  made 
drawings  are  furnish- 
ed to  work  from;  the 
time  and  labor  re- 
quired,  depending  entirely  upon   the   size   of  the   cylinder. 

In  some  slide-valve  cylinders,  the  steam  chest  is  cast  separate 
and  bolted  to  the  cylinder,  thus  affording  free  access  to  the  valve 
seat  V,  and  a  better  opportunity  for  finishing  and  fitting.  In  this 
case  the  main  cylinder  core  and  tlie  two  steam  inlet  cores  are  made 
together  in  the  same  box,  as  illustrated  in  Fig.  217,  in  which  one 
side  of  the  core  box  is  cut  away  to  a  depth  of  one  half  of  the  length 
of  the  steam  port  openings,  or  to  the  line  c,  c,  which  must  be  just 
one  half  of  the  inside  width  of  th(^  box  as  shown  at  7/  and  at  F, 
Fig.  216. 

The  part  which  has  becMi  cut  away  is  rexolaced  by  the  three : 
blocks  a,  a  and  Ik  which  are  shaped  to  give  the  rccpiircd  size  and  j 
form  to  the  steam-port  cores. 


Fig.  217. 
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These  blocks  are  fastened  by  dowels,  loosely,  to  the  main  part 
of  the  core  box,  and  after  the  core  has  been  rammed  up,  the  whole 
box  and  core  is  turned  over  on  its  face  and  the  main  part  of  the 
box  is  lifted  off,  after  which  the  two  loose  blocks  a  and  a  can  be 
drawn  away  endwise  and  the  block  }>  can  also  be  lifted  out  with 

ease. 

GLOBE  VALVE. 

The  globe  valve,  shown  in  section  in  Fig.  218,  is  a  good 
illustration  of  a,  pattern  in  which,  while  the  outside  may  be  very 
simple,  the  inside  is  intricate  and  requires  considerable  jiractice 


Fiff.  218. 

and  skill  to  so  contruct  the  core  boxes  that  the  core  can  be  with- 
drawn from  them,  and  at  the  same  time  give  uniform  thickness  and 

strength  to  all  parts  of  the  shell  and  to  the  internal  partitions. 
B 


iml  '     /filt     ImT 


Fig.  219. 


In  Fig.  219  is  shown  a  sectional  view  of  the  body  of  the  valve, 
and  in  Fig.  220  an  illustration  of  the  completed  pattern,  from 
which  it  will  be  seen  that  almost  the  entire  work,  with  the  exception 
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of  fitting,  placing  the  dowel  pins,  and  forming  the  two  hexagonal 
ends,  is  done  in  the  lathe.  The  construction  is  shown  in  the 
sectional  illustration  of  the  half -pattern.  Fig.  221.  The  wood  for 
the  two  halves  must  be  of  sufficient  length  to  allow  for  gluing  at 
each  end  or  for  the  insertion  of  iron  staples.  In  turning,  the 
greatest  care  must  be  taken  to  center  exactly  on  the  parting  line  of 
the  two  halves. 


Fig.  220. 

A  carefully  shaped  template,  such  as  is  shown  at  a.,  Fig.  221. 
must  be  used  in  turning.  This  template  may  be  made  of  a  thin 
piece  of  wood,  but  for  all  purposes  for  which  templates  are 
required  in  pattern  making,  and  their  use  is  necessarily  very  great, 
sheet  zinc  is  the  best  material.  It  is  soft,  and  easily  cut  and 
filed,  and  does  not  dull  the  cutting  tools  so  much  as  other 
metals 


Fig.  221. 
Before  marking  out  the  template,  that  tht;  lines  may  be  more, 
readily  seen,  it  should  be  cleaned  with  a  piece  of  emery  cloth  aud^ 
have  a  dark  coating  of  the  following  solution.  Dissolve  an  ounce { 
of  sulphate  of  copper  in  about  four  ounces  of  water  and  to  this  add 
one  teaspoonful  of  nitric  acid.     Treat  the  surface  of  the  zinc  with 
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this  solution,  rubbing  on  witli  a  piece  of  waste.  A  thin  coating  of 
copper  will  thus  be  given  to  the  zinc  (also  to  steel  or  iron). 
When  n])plie(l  to  finished  surfaces  they  should  be  rubbed  dry,  as 
iron  or  steel  will  be  rusted. 

When  the  curves  of  the  template  will  allow  of  sawing,  the 
zinc  template  is  easily  shaped  by  placing  a  piece  of  zinc  of  the 
necessary  size  between  two  boards,  and  nailing  them  together.  The 
required  shape  having  been  drawn  on  the  upper  board,  the  whole 
may  be  sawed  to  the  form  required  on  the  band  saw  or  scroll  saw, 
but  preferably  on  the  latter,  with  a  fine  tooth  narrow  saw  blade 
which  will  give  a  smoother  edge  to  the  zinc.  If  the  boards  are 
firm,  the  metal  will  offer  no  resistance  whatever  to  the  saw,  nor 
will  the  saw  be  pm'ceptibly  dulled.  For  small  curves,  lay  the  zinc 
on  a  piece  of  hard  board,  and  with  a  pair  of  sharp  pointed  dividers 
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the  zinc  can  be  scratched  half  way 
through  its  thickness,  then  by  turning 
il  over  and  placing  the  dividers  in  the 
same  center,  the  other  side  may  be  cut 
in  the  same  way,  or  so  nearly  through 
that  it  will  break  off.  This  affords  a 
truer  and  more  uniform  curve  than  can 
be  obtained  in  any  other  way.  The  legs 
of  the  dividers  must  be  stiff'  and  firm 
so  as  to  be  entirely  free  from  vibration. 
After  cutting,  the  sharp  edges  of  tlie 
zinc  may  be  dressed  with  a  fine  double- 
cut  file,  or  better  with  fine  emery  cloth 
or  sand  paper  rolled  over  a  wooden  holder. 

The  lathe  should  always  be  stopped  Fig.  222. 

when  testing  the  work  with  the  template,  and  great  care  must 
be  taken  to  make  the  two  ends  of  the  pattern  symmetrical. 

When  the  turning  is  nearly  completed  the  temjjlate  itself  may 
be  tested,  by  reversing  the  ends.  If  not  jtrue  it  should  be  filed  to 
the  proper  shape  as  shown  by  the  drawing. 

The  branch  e  must  be  turned  in  the  same  way  as  described  for 
the  main  part  of  the  pattern  which  is  pared  off,  or  planed  off  in  a 
large  pattern,  to  the  exact  size  of  the  base  of  the  branch,  and  when 
the  pattern  is  large  and  heavy,  one  or  two  wood  screws  should  be 
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used  in  the  tenon  of  the  branch  to  assist  in  keeping  it  in  phice. 
In  all  small  and  moderate-sized  valves,  the  flanges  are  hex- 
agonal in  shape  as  shown  in  Figs.  218  and  220.  The  core  for  a 
globe  valve  is  made  in  two  parts,  and  the  core  box  for  each  part 
must  be  made  in  upper  and  lower  half,  making  four  parts  to  the 


Fig.  224. 

Fig.  223. 
core  box.  This  is  necessary  in  order  to  allow  for  tlie  removal  of 
the  core  from  the  boxes.  The  internal  shape  of  the  boxes  are 
difficult  to  illustrate  on  paper,  but  if  the  drawings  given  in  Figs. 
222  and  223  are  carefully  studied  in  connection  with  the  sectional 
views  of  the  valve  shown  in  Fig.  219  their  shape  and  construction 
should  be  readily  understood. 


Fig.  225.  Fig.  226. 

Three  additional  illustrations  of  the  core  as  made  in  these  boxes 
are  shown  in  Figs.  224,  225  and  226. 

In  Fig.  222  there  are  two  views  of  the  box  in  which  the  upper 
part  C  of  the  core  shown  in  Fig.  224  is  made.  This  box  separates 
along   the    two  lines  marked  "Joint"   (Fig.   222)  and,   as   will  be 
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readily  seen,  allows  the  core  to  be  easily  removed  when  the  box 
is  opened.  The  lower  part  f/,  Fig.  224,  of  the  core  is  made  in  the 
box  shown  in  Fig.  223.  The  part  o  has  a  square  tenon  which  fits 
into  the  mortise  in  tlie  part  d.  This  mortise  is  made  in  the  core  by 
means  of  the  print  marked  Y  in  Fig.  223,  and  as  will  be  seen  by 
Fig.  22-4,  this  core  tenon  and  mortise  will  bring  the  two  parts  of  the 
core  into  jjerfect  alignment  when  they  are  pasted  together. 

In  Fjg.  225,  we  ha\'e  an  outside  view  of  the  completed  core  and 
in  Fig.  226  a  sectional  view  through  the  middle  of  the  core, 
lengthwise;  from  which   the  necessity  for  the  tenon  and  mortise 


DoNA'el'' 

Inside  view    lower  part  X 


?Dowel 

Inside  view  of 
upper   part.V. 
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Fig.  228. 


connection  will  be  readily  miderstood,  this  being  the  only  connection 
between  the  two  parts  of  the  core.  In  working  out  the  core  boxes 
it  is  well  to  use  templates  which  can  be  formed  and  made  from  the 
drawings  furnished.  The  templates  will  aid  in  getting  the  proper 
shapes,  and  leaving  a  uniform  amount  of  metal  in  all  parts  of 
the  case. 

Figs.  222  and  223  illustrate  the  common  wooden  core  box,  but 
to  insure  uniformity,  and  because  of  the  necessary  wear  and 
fragile  character  of  wood  for  boxes  of  this  kind,  these  core  boxes 
should  be  made  of  metal.  The  wooden  pattern  for  the  metal  core- 
box  must  then  have  an  allowance   for  double  shrinkage,  and  to 
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avoid  excessive  weight,  tlu^  box  is  made  in  the  form  shown  in  Figs, 
227  and  228.  In  this  form  all  unnecessary  metal  is  removed  and 
the  connecting  iron  dowel  pins  are  placed  in  lugs  or  thin  outside 
projections  as  indicated. 


Fig.  229. 


Fig.  230. 


Fig.  2.S1. 


Fig.  229  illustrates  the  pattern  for  the  stuffing  box  and  bonnet 
of  the  valve,  with  core  print  turned  on  each  end,  which,  like  the  main 
pattern  of  the  valve  must  be  parted,  or  made  in  two  halves.    Two 
core  boxes  are  necessary  to  make  the  core  for  this  part  of  the  valve. 
From  Fig.  230  it  will  be  seen  that  the  core  box  for  the  lower 
end  of  the  core  can  be  turned  out  on  the  lathe  by 
using  a  template  of  the  required  shape.     For  the 
upper  i)art  or  stem,  the  half  box  shown  in  Fig.  231, 
is  all  that  is  necessary.  By  examining  the  two  core 
boxes.  Figs.  230  and  231,  it  will  be  seen  that  here 
asain  we  have  recourse  to  the  tenon  and  socket 
form  of  construction  for  uniting  the  two  parts  of 
the  core  which  are  shown  pasted  together  in  the 
completed  core.  Fig.  232.     The  nut  for  the  bonnet 
is  shown  in  Fig.  233,  and  the  pattern,  which  is 
Fig.  2.32.  hexagonal,  should  be  so  made  as  to  form  its  own 

core,  as  indicated  by  the  dotted  lines  in  the  drawing.  Fig.  234 
shows  the  pattern  for  the  valve  and  also  the  pattern  for  the  valve 
nut,  each  of  which  will  form  its  own  core,  and  Fig.  235  is  an  illus- 
tration  of  the  pattern  for  the  valve  spindle. 
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GEAR  WHEEL  PATTERNS. 

In  this  special  class  of  jjattorn  work,  the  greatest  accuracy 
and  care  must  be  taken,  not  only  in  building  up  the  rim  of  the 
wheel,  but  in  fitting  and  placing  on  the  rim  the  blocks,  out  of 
which  the  teeth  are  to  be  formed,  and  most  of  all  in  laying  out 
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Fig.  234. 


Fig.  233. 


the  teeth  regularly  and  accurately  on  the  tooth  blocks.  A  pattern 
j  for  a  gear  wheel,  whose  teeth  are  carelessly  made  is  almost  worthless, 
1  the  time  lost  in  chipping  and  filing,  for  the  purpose  of  correction, 
I  being  too  great  to  allow  the  use  of  such  a  pattern. 


Valve  Spindle 
Fig.  235. 

To  insure  greater  accuracy  and  smoother  running  gears,  it 
is  now  the  custom  in  many  shops  to  have  the  wooden  pattern 
made  in  the  form  of  a  blank,  (without  teeth)  from  which  a  metal 
pattern  is  cast. 

This  cast  pattern  is  turned  up  and  placed  in  the  milling 
machine  where  the  teeth  are  cut  and  spaced  with  accuracy  and 
to  the  exact  form  of  tooth  required.  This  metal  pattern  is  used 
without  draft. 
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This  method  of  making  gear  patterns,  however,  is  exioensive, 
and  is  used  oidy  when  many  wheels  are  to  be  cast  of  the  same 
size  and  number  of  tec^th  from  the  same  pattern,  and,  as  in  the 
case  of  pulleys,  the  wooden  xxittern  is  still  used  for  all  special 
sizes  of  gears. 

For  these  wooden  patterns  we  shall  now  give  a  few  hints  as 
to  the  best  methods  of  construction.  As  the  form  of  the  tooth 
used  by  the  draftsman  will  play  no  part  in  the  construction  of 
the  pattern,  we  think  it  would  be  out  of  place  here  to  enter  into 
a  discussion  of  the  relative  merits  of  the  single  curve,  double  curve, 
or  other  form  of  tooth.  j 

The  single  curve  or   involute  tooth,  however,  has  the  great  I 
advantage  of  being  the  only  form  of  gear  which  can  be  run  at  I 


Fig.  236. 

varying  distances  of  axes,  and  transmit  an  unvarying  velocity  and; 
amount  of  power.  The  common  contention  that  two  gears  willj 
crowd  harder  on  their  bearings  when  the  single  curve,  or  involutt 
form  is  used,  has  not  been  proven  in  actual  practice.  The  practical 
methods  for  obtaining  the  curves  for  either  the  involute  or  for  th( 
epicycloidal  tooth,  the  two  forms  in  most  common  use,  are  taker' 
up  in  Mechanical  Drawing. 

In  the  illustrations  here  given  the  single  curve  form  of  tootl 
is  used. 

In  the  construction  of  gear-wheel  patterns,  the  method! 
employed  in  making  and  fastening  the  tooth,  or  the  blocks  out  o 
which  the  teeth  are  to  be  formed,  to  the  rim  of  the  wheel,  variei 
greatly.  It  was  formerly  the  custom  to  dovetail  the  tooth  into  th< 
rim  of  the  wheel  as  shown  in  Fig.  2B6.  This  was  the  case  especial)} 
when  the  teeth  were  large,  as  in  2  pitch  or  larger. 
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Tliis  is,  however,  an  uii necessary  expense  and  a  waste  of 
time,  and  in  addition,  the  cutting  of  the  dovetails  and  the  driv- 
ing lionie  of  tlie  dovetailed  tooth,  often  have  the  effect  of  dis- 
torting the  rim  to  some  extent.  A  better,  or  at  least  a  more 
sconomical  method  is  to  fit  tlu;  tooth  blocks  as  shown  in  Fig.  237, 
which  for  strength  and  durability  is  found  to  be  in  no  way 
inferior  to  dovetailing,  and  the  saving  of  labor  and  time  is  very 
great. 

In  this  method  we  have  always  the  advantage  of  a  smooth, 
clean  fillet  at  the  root  of  each  tooth,  and  having  the  grain  of  the 
wood,  not  oidy  for  the  fillets,  but  also  on  the  wdiole  depth  circle, 
run  in  tho  same  direction  as  the  grain  of  the  wood  which  forms  the 
tooth.  Til  is  means  a  smoother  pattern,  more  easily  moulded,  and 
a  better  casting. 

7W 


Fig.  237. 


In  the  former  method.  Fig.  23G,  it  is  almost  impossible  to  form 
a  fillet  on  each  side  of  the  tooth,  as  it  runs  off  to  a  thin  feather 
edge  which  continually  splinters  and  chips  off;  still  further,  the 
bottom  of  the  tooth  sj)ace,  that  is,  the  whole  depth  circle  is  the 
rim  of  the  wheel,  composed  of  layers  of  segments  with  changing 
grain  which  will  not  mould  so  smoothly  as  in  the  second  method. 

The  blocks  for  the  teeth  should  always  be  cut  in  strips  two  or 
three  feet  in  length,  in  order  to  thoroughly  season  the  wood,  at 
least  so  far  as  it  is  possible  to  do  so,  while  other  parts  of  the  wheel 
are  being  constructed. 
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Only  straight-grained  wood  should  be  used  for  teeth.  The 
segments  for  building  up  the  rim  should  be  cut  out  next,  then  the 
arms  put  together  and  shaped  as  required.  It  is  a  good  plan  to 
fasten  the  arms  central  to  the  face  plate  of  the  lathe,  and  to  turn 
out  a  recess,  say  tc  inch  or  -3^  inch  deep  to  receive  the  hubs  as 
shown  in  Fig.  238.  This  makes  a  stronger  connection  and  does 
away  with  the  trouble  of  fitting  and  connecting  the  hub,  with  the 
thin  feather  edge  of  the  hub  fillet,  to  the  surface  of  the  web  of  the 


Fig.  238. 

arms.  The  same  method  is  of  great  advantage  when  fitting  the 
hubs  of  pulleys  and  other  wheels.  The  arms  must  he  put  together, 
with  inserted  tongues  in  the  joints,  as  illustrated  and  described  in 
Fig.  169;  and  if  they  are  to  be  worked  to  an  elliptical  section,  it  is 
easier  to  do  this  before  fixing  them  in  the  wheel.  At  A,  Fig.  238, 
the  construction  of  the  arms  is  shown,  and  at  B  the  core  prints, 
hubs  and  arms,  with  the  manner  of  connecting  these  parts. 

After  building  up  enough  courses  of  segments  to  equal  half 
the  width  of  the  rim  plus  half  the  thickness  of  the  arms,  the  inside 
only  of  this  part  of  the  rim  is  turned  out  to  the  required  shape, 
including  the  central  rib  a  Fig.  289,  which  must  be  of  a  thickness 
just  equal  to  the  thickness  of  the  ends  of  the  arms.  The  recesses  to 
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receive  these  ends  are  now  cut  into  this  half  rim,  and  the  arms  fitted 
and  glued  in  place  but  not  so  tightly  as  to  strain  the  rim  and 
cause  it  to  spring  after  it  is  removed  from  the  chuck.  The 
remaining  courses  for  the  rim  are  now  fitted  and  glued  on,  and  the 
rim  turned  and  finished  to  the  required  size  and  shape. 

The  face  should  be  glue-sized  to  prepare  it  for  the  blocks  which 
are  to  form  the  teeth  of  the  gear. 

After  sizing  and  removing  the  raised  grain  of  the  wood,  the 
periphery  of  the  wheel  must  be  sj)aced  for  the  required  number 


Fit?.  239. 


Fig.  211. 


Fig.  240. 


of  teeth.  With  a  try  square  and  very  sharp  awl  draw  lines  through 
the  points  obtained  by  the  spacing  as  shown  in  Fig.  240.  Should 
the  teeth  be  of  moderate  size,  say  3  pitch  or  less,  the  tooth  blocks 
should  be  glued  on  so  as  to  meet  each  other  on  the  rim  of  the 
wheel  as  shown  in  Fig.  241. 

Each  block  must  be  so  fitted  as  to  reach  only  from  line  to  line, 
Fig.  240,  care  being  taken  to  have  each  block  parallel  to,  and 
coincide  with  its  o^vn  line,  reaching  exactly  to  the  line.  When 
all  the  blocks  are  j)laced  and  glued,  the  wheel  is  returned  to  the 
lathe  and  the  periphery  turned  off  straight  and  to  the  required 
diameter  for  the  addendum,  or  extreme  ends  of  the  teeth.  The 
ends  of  the  blocks  are  also  turned  even  with  the  edge  of  the  wheel  rim. 
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and  before  removing  from  the  lathe,  a  circular  line  must  be  drawn 
on  the  ends  of  the  blocks,  on  both  sid(^s  of  the  rim,  indicatmg  the 
whole  depth  of  the  teeth.  The  use  of  this  line  will  bo  explamed 
later-  it  is  the  only  circular  line  needed  for  laying  out,  or  for 
working  out  the  teeth.  When  the  teeth  are  large,  a  tooth  block 
is  first  fitted  on  and  screwed  from  the  inside  of  the  rim  as  shown 
in  Fig.  237,  one  edge  of  the  block  touching,  but  not  covermg  its 
line  on  the'  face  of  the  rim.  The  thin  strip  is  next  fitted,  glued 
and  braded  against  the  block  with  the  opi^osite  edge  of  the  strip 
reaching  just  to,  but  not  covering  the  next  line.  A  second  tooth 
block  is  fitted  and  screwed  in  place,  then  a  second  strip,  and  this 
alternate  placing  of  blocks  and  strips  continued  until  the  surface 
of  the  rim  is  covered,  having   a  block  and  strip  for  each  tooth 

required.  .  ,    ^^  xu 

Care  must  be  taken  not  to  allow  any  glue  to  get  between  the 
blocks  and  the  strips  when  gluing  and  nailing  the  strips  on,  as 
each  block  must  be  taken  off,  one  at  a  time,  after  being  laid  out,  to 
work  the  tooth  to  shape.  When  all  the  blocks  and  strips  are  in 
place,  the  wheel  must  be  returned  to  the  lathe  and  the  face  of 
the  blocks  turned  to  the  diameter  required  for  the  addendum  or 
outer  ends  of  the  teeth,  and  the  ends  of  the  blocks  also  turned 
even  with  the  rim. 

The  whole  depth  circles  are  marked,  one  on  each  side,  while 
revolving  in  the  lathe,  as  explained  for  a  wheel  with  smaller  teeth    , 
All  parts  of  the  rim  should  now  be  made  perfectly  smooth  with  , 
fine  sand  paper  using  a  holder  or  block,  to  prevent  romidmg  the  ^ 
corners  or  angles  of  the  tooth  blocks. 

Becnnning  at  the  middle  of  a  block,  space  the  required  number 
of  teeth  on  the  periphery  of  the  tooth  blocks,  and  should  the  first  1 
trial  not  result  in  even  spaces,  the  trial  spacing  must  be  continued  > 
until  the  greatest  accuracy  has  been  obtained,  that  is,  uiitil  all^ 
distances  from  point  to  point  are  exactly  equal,  Through  each  | 
spacing  point,  found  as  above,  very  sharp  but  light  lines  are  drawn; 
across  the  face  of  the  blocks,  ^s  was  shown  for  the  wheel  rmi  m. 
Fig  240.  When  drawing  these  lines  it  will  be  found  best  to  draw 
along  the  inside  edge  of  the  try  square  blade  instead  of  the  outside 
as  is  usual.  The  reason  for  this  is  that  on  small  or  medimn  sized 
wheels,  a  much  firmer  base  will  be  given  for  holding  the  square. 
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and  more  accurate  lines  will  be  the  result.  A  coat  of  shellac 
brushed  over  the  ends  and  faces  of  the  blocks,  if  sand-pax)ered  smooth 
after  being  allowed  to  dry,  will  greatly  assist  in  laying  out  the 
teeth,  hardening  the  surface,  and  enabling  sharx)er  lines  to  be 
drawn.  A  template  must  next  be  made  of  the  exact  form  of  the 
tooth  required.  This  will  always  be  given  full  size  in  the  detail 
drawings  furnished  to  the  pattern  maker. 

Should  the  wheel  be  of  small  diameter  the  template  may  be 
laid  out  and  cut  on  the  end  of  a  long  strip  of  zinc,  but  it  is  better 
to  fasten  the  template  to  the  end  of  a  wooden  bar,  as  shown  in 
Fig.  242  a  narrow  slot  having  been  cut  through  the  back  end 
of  the  zinc  to  allow  of  exact  adjustment  to  the  diameter  of  the 
wheel. 

This  wooden  bar  is  hung  centrally  on  a  peg  or  dowel  which 
must  be  placed  exactly  in  the  center  of  the  hub.     For  this  purpose 


Fig.  242. 

it  is  customary  to  use  a  block  of  wood  as  a  temporary  hub,  the 
center  of  which  may  be  easily  found  from  the  periphery  of  the 
blocks  by  the  dividers.  A  very  slight,  sharp  notch  is  made  in  the 
exact  center  of  the  end  of  the  tooth  template,  which  must  be  radial 
to  the  hole  in  the  opposite  end  of  the  bar  on  which  the  template 
revolves.     This  notch  is  shown  in  Fig.  242. 

To  use  the  template,  place  it  over  the  center  pin  and  bring  the 
notch  exactly  in  line  with  one  of  the  spacing  lines  on  the  outside 
of  a  block  and  with  a  very  sharp  pointed  awl  mark  the  tooth  on  the 
end  of  the  block.  Then  swing  the  template  to  the  next  line  and 
mark  as  before,  continuing  the  process  until  a  tooth  has  been  laid 
out  on  the  end  of  each  block.  The  wheel  is  now  turned  over  and 
the  same  process  repeated  on  the  other  side.  It  will  be  readily 
seen  that  if  the  spacing  lines  have  been  squared  across  the  face 
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of  the  wheel  with  accuracy,  the  teeth  laid  out  on  the  two  sides 
will  be  true  and  perpendicular  to  each  other,  a  spacing  line 
forming  the  exact  center  of  each  tooth,  and  for  this  reason  these 
lines  should  always  be  very  light  but  sharp  and  clearly  defined. 

For  convenience  in  cutting  and  paring,  a  second  series  of 
lines  should  now  be  drawn  across  the  face  of  each  block  connecting 
the  extreme  ends  of  the  lines  which  describe  the  shape  of  the  tooth 
on  each  end  of  the  block.  Should  the  wheel  be  small  and 
within  the  capacity  of  the  band  saw,  all  superfluous  wood  may 
easily  be  removed  from  between  the  teeth. 

If  the  band  saw  is  sharp 
and  evenly  set,  and  the  operator 
skillful,  the  teeth  may  be  sawed 
so  as  to  need  but  very  slight 
correction  with  the  paring  chisel 
and  gouge. 

As  the  hubs  usually  project 
beyond  the  rim  on  each  side  of  the 
wheel,  they  should  be  left  loose 
and  removed  before  placing  the 
wheel  on  the  saw  table. 
For  large  wheels  and  heavier  teeth,  each  tooth  block  should  be 
imscrewed  and  removed,  one  at  a  time,  and  planed  to  the  lines 
marked  on  its  ends  and  face,  after  which  it  is  returned  to  its  place 
before  a  second  one  is  taken  ofP.  This  is  continued  until  all  the 
teeth  are  shaped,  when  it  will  be  necessary  only  to  construct  fillets 
at  the  base  of  the  teeth,  and  also  to  work  each  space  down  to  the 
whole  depth  circle,  the  circle  having  been  drawn  for  this  purpose, 
and  also  as    a  guide,  for  bringing  all  tooth  spaces  to  the  same 

depth. 

Small  gears,  or  pinions  as  they  are  called,  are  usually  made 
with  a  solid  web  instead  of  arms,  and  are  glued  up  in  solid  blocks 
of  end  wood,  the  grain  of  the  entire  block  running  parallel  with  the  | 
face  of  the  teeth.  Such  an  end  wood  pinion  is  shown  in  Fig.  243.  j 
It  is  turned  and  the  gear  laid  out  and  cut  in  the  same  way  as  i 
described  for  the  larger  wheels,  except  that  the  teeth  are  not  glued  | 
on  but  cutout  in  the  solid  disc.  In  the  construction  shown  ini 
Fig.  241,  the  teeth,  not  being  screwed  on,  must  be  nailed  with  brads,  i 


Fig.  2i.3. 
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after  being  shaped  and  finished,  from  the  face  of  each  tooth  into 
the  rim. 

Patterns  for  Bevel  Gears  are  built  up  as  illustrated  at  «, 
Fig.  244,  the  wooden  face-plate,  or  chuck,  being  provided  with  ten 
or  more  radial  blocks  as  shown  and  described  in  Fig.  168.  The 
advantage  of  the  blocks  is  that  they  keep  the  first  layer  of  segments 
out  from  the  face-plate  and  give  easier  access  to  the  back  edge  or 
angle  of  the  rim  while  being  turned. 

The  segments  are  usually  made  to  overlap  as  shown,  which  is 
not  only  a  saving  of  wood  but  also  saves  the  time  which  would  be 
required  to  turn  the  angu- 
lar rim  from  a  square  con- 
struction. When  a  suffi- 
cient number  of  courses 
have  been  built  up,  the  face 
and  two  edges  are  turned 
to  the  required  angles,  as 
indicated  by  the  dotted 
lines  in  a,  Fig.  244.  The 
rib  c  which  will  finally  be  a 
continuation  of  the  arms, 

is  also  turned  to  shape  and  |j||   ^  ||||  '-'    ]  ||{|    /' 

to  the  thickness  of  the  ends 
of  the  arms.  The  rim  will 
then  present  the  appear- 
ance shown  at  Z>,  Fig.  244, 
except  the  arms  which  are  Pig.  2i4.  Fig.  245. 

here  shown  in  place. 

The  rim  is  next  cut  from  the  blocks,  and  an  angular  groove 
turned  in  the  face  of  the  chuck  which  will  fit  and  center  the 
finished  edge  of  the  rim  on  the  faceplate.  In  this  position  the 
inside  of  the  rim  is  turned  and  finished  as  shown  in  Fig.  245. 
The  rim  is  retained  on  the  chuck  by  four  or  six  cleats,  d^ 
Fig.  245,  the  cleats  fitting  over  the  rib  t',  Fig.  244,  and  preventing 
the  rim  from  moving  and  changing  its  jposition  on  the  chuck. 

It  is  not  necessary  here  to  describe  the  method  used  in  finding 
the  requircnl  angles  for  the  face  and  edges  of  the  rim,  but  as  in 
the  case  of  spur-gear  teeth,  the  student  should  refer  to  Mechanical 
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Drawing.  The  arms,  partly  shown  in  Fig,  246,  in  place  in  Fig. 
244,  are  next  fitted  and  fastened  to  the  rim.  It  is  well  to  glue  a 
small  disc  on  each  side  of  the  web  of  the  arms  as  shown  in  Fig. 
246,  which  not  only  strengthens  the  arms,  but  serves  as  a  fillet 
around  the  hub  of  the  wheel. 

The  blocks  for  the  teeth  are  next  fitted  in  place,  either  as 
illustrated  in  Fig,  247,  or  in  the  form  of  alternate  blocks  and 
strips  as  was  shown  for  the  spur  gear,  Fig.  237.  After  all  the 
blocks  are  in  place,  the  wheel  must  be  put  in  the  lathe  and 
turned  to  the  sizes  and  angles  required  for  laying  out  the  teeth. 
A  sharp  line  must  bo  drawn  on  the  face  of  the  blocks,  while 
in  the  lathe,  to  serve  as  a  guide  for  the  dividers  while  spacing  the 
teeth. 


Fig.  246. 


Pig.  248. 


To  obtain  the  center  lines  for  the  tooth  faces  after  spacing  on 
the  blocks,  it  will  be  readily  seen  that  the  ordinary  try  square 
cannot  be  used  as  in  the  case  of  the  spur  gears.  A  temporary 
square  must  be  made  for  this  purpose  as  follows: 

Take  a  piece  of  hard  wood,  about  6  inches  long  and  3|  inches 
wide  and  ^  inch  in  thickness.  Dross  the  two  edges  perfectly 
parallel  and  from  the  upper  edge  a^  Fig.  248,  with  a  try  square  and 
a  sharp  pointed  knife,  draw  the  line  c,  equally  distant  from  each 
end  of  A,  and  at  right  angles  to  the  edge  a.  Lay  the  edge  I 
of  A,  against  another  board  B,  of  the  same  thickness,  and  continue 
the  line  c  on  this  board  as  shown  by  the  dotted  line.  With  the 
dividers  set  to  a  radius  equal  to  the  longest  radius  of  the  outside 
ends  of  the  tooth  blocks,  from  the  extended  line  c  on  the  board  B, 
describe  the  arc,  x   y  on  A.    Cut  the  edge  I,  to  this  arc  and  see 
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that  it  fits  porf(?ctly  the  outer  rim  of  the  tooth  block.  Noxt  make 
a  thin  blade  of  hard  wood  and  screw  to  the  head  A,  using  the 
greatest  care  to  have  one  edge  of  the  blade  coincide  exactly  with 
the  line  c.  After  screwing  the  blade  to  the  head,  its  accuracy  may 
be  tested  by  placing  a  try  square  against  the  edge  a.  The  result 
will  be  as  shown  in  Fig.  249,  in  which  the  edge  g  is  radial  to  the 
arc  X  y.  This  edge  will  describe  the  center  lines  of  the  teeth 
radially  as  required. 


Fig.  247. 

This  temporary  square  can  be  used  up  to  a  certain  limit,  on 
wheels  of  larger  diameter  than  that  to  which  it  has  been  fitted,  but 
cannot  be  used  for  smaller  wheels.  For  larger  gears  the  position 
will  be  as  shown  in  Fig.  250,  which  will  give  the  correct  per- 
pendicular if  the  angles  at  x  and  y  are  carefully  made.  By  using 
in  this  way,  only  a  few  squares  will  be  needed  for  a  great  number 


149 


136 


PATTERN  MAKING 


of  wheels.  In  Fig.  247  the  hub  H  and  the  ribs  of  the  arms  R  R, 
are  often  made  loose  so  as  to  lift  with  the  cope,  which  is  of  great 
advantage  in  moulding.  When  the  teeth  are  large,  they  must  be 
screwed  on  from  the  inside  of  the  rim.  If  small,  they  should  be 
braded  from  the  outside,  or  face  of  the  tooth,  into  the  rim  after 


Fitj.  251. 


Fig.  249. 

the  teeth  have  been  shaped  and  finished.  Two  templates  will  be 
necessary  for  laying  out  the  ends  of  the  teeth,  the  outer  ends 
being  larger  than  tha  inner.  These  templates  are  made  aj  de- 
scribed for  spur  gears,  and  have  the  outer  end  bent  to  fit  over  the 
angles  of  the  rim. 

COLUMN  F>ATTERNi 

Cast-iron  columns  are  often  ornamented  or  fluted  as  shown  in 
the  half  section  of  a  fluted  column  in  Fig.  251.  In  all  such 
cases  the  body  of  the  pattern  is  made  octagonal  as  shown  by  the 
A  E  \\\\e^  A  BCD  E.     The  loose  pieces  form- 

ing the  flutes  are  held  to  the  main  body 
by  pins  that  stand  at  right  angles  to 
the  line  A  E.  After  the  sand  has  been 
rammed,  the  body  included  in  the  lines 
A  B  C  D  E  is  lifted  out  leaving  the;  parts 
A  «  7>  B,  B  J  c  C,  etc.,  imbedded  in  the  sand.  Then  one  after  ■ 
another  these  are  lifted  out. 

These  fluted  sections  should  never  be  so  few  in  number  that 
they  cannot  be  lifted  out  w^ithout  tearing   the   sand.     Eight  or  ! 
twelve  sections  will  be  needed. 

Other  forms  of   ornamentation   are  put  upon   columns   in  a  { 
similar  manner.     Leaves  or  flowers  are  held  by  pins  or  in  grooves  | 
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ill  such  a  way  that  the  main  body  of  the  xmttern  can  be  lifted  out 
without  disturbing  them,  and  they  are  then  withdrawn  from  the 
sand  thron«<li  the  cavity  left  by  the  main  jjattern. 

Cores  for.  Columns.  (brt>s  for  columns  may  be  made  in  core 
boxes  as  in  the  case  of  those  for  pipe,  but  where  the  core  is 
long  and  straight  no  con?  box  is  needed.  The  core  is  usually 
built  of  loam  about  an  iron  pipe  as  explained  in  Foundry  Work. 
Where  the  core  is  to  follow  the  lines  of  the  ornamental 
mouldings  on  the  outside  of  tlie  column,  it  may  be  provided  with  a 

special  core  box  or  better  with  a 
sweep  as  shown  in  Fig.  252.  This 
sweep  is  used  to  shape  the  loam 
core  that  is  to  be  built  up  on  an 
iron  pipe.  Fig.  252  is  the  out- 
line of  the  template  that  is  to  be 
used  in  sweeping  the  core  for  the 
interior  of  the  columns  shown 
in  Fig.  253. 

Follow  Boards.  All  thin 
patterns  that  are  likely  to  suffer 
distortion  from  the  pressure  of 
the  sand  while  being  rammed  up, 
must  be  provided  with  accurately 
fitting  follow  boards.  These  fol- 
low boards  may  be  made  to  fit 
on  either  one  or  other  of  the 
sides  of  the  pattern. 

When  the  outlines  of  the 
pattern  are  very  irregular,  the  follow  boards  are  often  made  of 
plaster  or  other  comi30sition,  which,  when  dry,  is  used  to  supjjort 


Fig.  252. 


Fig.  25.3. 


the  pattern  while  the  drag  is  being  rammed. 


Fig.  254. 

Fig.  254  represents  a  section  of  a  railing  cap.     If  the  pattern 
B  were  to  be  set  with  the  edges  a  a  resting  upon  the  moulding 
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board  and  the  sand  of  the  drag  rammed  down  upon  its  iipi^er 
face,  it  would  be  sprung  out  of  shape.  To  avoid  this  the  follow 
board  A  is  made  to  exactly  fit  the  under  side  of  the  pattern.  Then 
when  the  sand  is  rammed,  the  whole  pattern  is  supported  and  there 
will  be  no  distortion.  When  the  cope  is  rammed  tlie  follow  board 
is  removed  and  the  sand  of  the  drag  supports  the  pattern  while 
the  cope  is  being  rammed. 
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Foundf}'  work  is  the  name  applied  to  that  branch  of  engineering 
which  deals  with  melting  metal  and  pouring  it  in  licjuid  form  into  sand 
molds  to  shape  it  into  castings  of  all  descriptions. 

In  the  manufacture  of  modern  machinery  three  classes  of  castings 
are  employed,  each  one  having  its  inrlividual  physical  properties,  such 
as  strength,  toughness,  diu-ability,  etc.  These  castings  are  made  from 
gray  iron,  copper  alloys,  i.  e.,  brass,  bronze,  etc.,  and  mild  steel.  By 
far  the  greatest  number  of  castings  made  are  of  gray  iron,  that  is,  iron 
which  may  be  machined  directly  as  it  comes  from  the  mold  without 
any  further  heat  treatment. 

The  main  purpose  of  this  book  is  to  explain  the  underlying  prin- 
ciples involved  in  making  molds  for  gray  iron  castings,  and  the  mixing 
and  melting  of  the  metals  for  such  castings. 

There  are  two  other  forms  of  iron  castings.  These  are  chilled 
iron,  used  for  rolling  mill  rolls,  car  wheels,  etc.,  and  malleable  iron, 
used  for  certain  lines  of  builders'  and  manufacturers'  hardware. 
These  are  not  dealt  with  in  detail  because  they  are  rather  specialities 
in  the  trade,  whereas  there  are  few  towns  of  importance  in  this  countrv 
in  which  there  is  no  gray  iron  foundry. 

The  chapters  on  brass  founding  and  steel  casting  will  emphasize 
only  those  features  of  the  methods  used  which  dif!'er  from  iron  foundrj- 
practice. 

The  c-hapter  on  shop  management  is  intended  to  set  students 
thinking  on  this  subject;  l)ecause  the  whole  trend  of  modern  shop 
practice  is  toward  specialization  and  system  in  handling  ever}'  depart- 
ment of  the  work,  in  order  to  increase  efficiency  and  reduce  cost. 

IRON   MOLDING 

There  are  four  main  branches  in  gray  iron  molding:  green  sand 
work,  core  work,  dry  sand  molding,  and  loam  work. 

Green  sand  molding  is  the  cheapest,  cjuickest  method  of  making 
tlie  general  run  of  castings.     Damp  molding  sand  is  rammed  over  the 
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pattern.  Suitable  flasks  are  used  for  handling  the  mold.  When  the 
pattern  is  withdrawn  the  mold  is  finished  and  the  metal  poured  while 
the  efficiency  of  the  mold  is  still  retained  by  reason  of  this  dampness. 
The  mold  may  be  poured  as  soon  as  made.  In  case  of  necessity  the 
mold  may  be  held  over  a  day  or  more  depending  upon  its  size.  If  the 
sand  dries  out.  the  mold  should  not  be  poured. 

Core  making  supplements  molding.  It  deals  with  the  construc- 
tion of  separate  shapes  in  sand  which  form  holes,  cavities,  or  pocket- 
in  the  castings.  Such  shapes  are  called  cores.  They  are  held  firmly 
in  position  by  the  sand  of  the  mold  itself.  Core  sand  is  of  a  different 
composition  from  molding  sand.  It  is  shaped  in  wooden  molds  called 
core  boxes.  All  cores  are  baked  in  an  oven  before  they  can  be  used 
The  whole  detail  of  their  construction  is  so  different  from  that  of  a 
mold,  that  core  making  is  a  distinct  trade.  A  trade,  however,  that  Ls 
generally  considered  a  stepping  stone  to  that  of  molding.  Boys  u.su- 
ally  begin  to  serve  their  time  in  the  core  shop. 

Dry  sand  is  the  term  applied  to  that  class  of  work  where  a  flask  is 
used,  but  a  layer  of  core  sand  mixture  is  used  as  a  facing  next  to  pat- 
tern and  jointo  and  the  entire  mold  is  baked  before  pouring.  This 
drives  off  all  moisture  and  gives  hard,  clean  surfaces  to  shape  the  iron. 
It  is  used  where  heavy  work  having  considerable  detail  is  to  be  cast, 
or  where  the  rush  of  metal  or  the  l)ulk  of  it  might  injure  a  mold  of 
green  sand.  Dry  sand  molds  are  usually  made  up  one  day,  baked 
over -night,  and  as.sembled  and  cast  the  next  day. 

Loam  work  is  the  term  applied  to  molds  built  of  bricks  carried 
on  heavy  iron  plates.  The  facing  is  put  on  the  bricks  in  the  form  of 
mortar  and  shaped  by  sw^eeps  or  pa,tterns  depending  upon  the  design 
of  the  piece  to  be  cast  All  parts  of  the  mold  are  baked,  rendering  the 
surfaces  hard  and  clean.  After  being  assembled,  these  brick  molds 
must  be  rammed  up  on  the  outside  with  green  sand  in  a  pit  or  casing 
to  prevent  them  bursting  out  under  the  casting  pressure.  Simp'e 
molds  can  be  made  up  one  day,  assembled,  rammed  up  and  poured 
the  next,  bi,t  it  usually  takes  three  or  four  days  and  sometimes  as 
many  weeks  to  turn  out  a  casting. 

I^oam  work  is  used  for  the  heaviest  class  of  iron  ca.stings  for  which, 
on  account  of  the  limited  number  wanted,  or  the  simplicity  of  the 
shape,  it  would  not  pay  to  make  complete  patterns  and  use  a  flask. 
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In  some  cases  tlie  intricacy  of  tlic  design  makes  a  pattern  necessary, 
and  size  alone  excludes  the  use  of  sand  and  flasks. 

No  hard  and  fast  rules  exist  for  the  selection  of  the  method  by 
which  a  piece  will  he  molded.  Especially  with  large  work  the  question 
whether  it  shall  be  put  uj)  in  green  sand,  dry  sand,  or  loam,  often  de- 
pends upon  local  shop  conditions.  The  point  to  consider  is:  How 
can  the  best  casting  for  the  purpose  be  made  for  the  least  money,  con- 
sidering the  facilities  at  hand  to  work  with? 

MATERIALS 

Before  taking  up  the  making  of  molds,  let  us  consider  briefly  the 
materials  used,  where  they  are  obtained,  and  what  is  their  particular 
service  in  the  mold.  Also  we  shall  describe  the  principal  tools  used  by 
the  molder  in  working  up  these  materials  into  molds. 

There  are  three  general  classes  of  materials  for  molding  kept  in 
stock  in  the  foundry.     Tliese  are: 


S.\NDS 

Facings 

Miscellaneous 

Moldins  sands 

Graphite 

Fire  clay 

Light 

Charcoal 

Parting  dust 

Medium 

Sea  coal 

Burnt  sand 

Strong 

Charcoal 

Free  sands 

Partainol 

Sharp  or  Fire 

Core  binders 

Beach  .sand 

SANDS 

All  sands  are  formed  by  the  breaking  up  of  rocks  due  to  the  action 
of  natural  forces,  such  as  frost,  wind,  rain,  and  the  action  of  water. 

Fragments  of  rocks  on  the  mountain  sides,  broken  off  by  action 
of  frost,  are  washed  into  mountain  streams  by  rainfall.  Here  they 
grind  against  each  other  and  pieces  thus  chipped  off  are  carried  by  the 
rush  of  the  current  down  into  the  rivers.  Tumbled  along  by  the  rapid 
current  of  the  upper  river,  the  sand  will  finally  be  deposited  where  the 
stream  flows  more  gentlv  through  the  low  land  stretches  below  the 
hills.  Here  the  slight  agitation  tends  to  cause  the  finer  sand  and  the 
clay  to  settle  lower  and  lower  down  in  the  bed.  Thus  we  find  beds 
that  have  been  formed  in  ages  part;  possibly  wdth  a  top  soil  formed 
over  them,  so  long  have  they  been  deposited.  But  on  removing  this 
top  soil  we  find  gravel  or  coarse  sand  on  top;  this  merges  into  finer 
sand  and  this  again  finally  into  a  bed  of  clay. 
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Rocks,  however,  are  very  complex  in  their  composition,  and  sands 
contain  most  of  the  elements  of  the  rocks  of  which  they  are  fragments. 
For  this  reason  molding  sands  in  different  parts  of  the  United  States 
vary  considerably. 

A  good  molding  sand  should,  first  of  all,  be  refractor^',  that  is, 
capable  of  withstanding  the  heat  of  molten  metal.  It  should  be  porous 
to  allow  the  escape  of  gases  from  the  mold.  It  should  have  a  certain 
amoimt  of  clay  to  give  it  "bond"  or  strength,  and  should  have  an  even 
grain.  All  of  these  properties  will  vary  according  to  the  class  of  work 
for  which  the  sand  is  used. 

The  two  important  chemical  elements  in  such  sands  are  silica, 
which  is  the  heat-resisting  element,  and  alumina,  or  clay,  which  gives 
the  bond.  Other  elements  which  are  found  in  the  molding  sands  are 
oxide  of  iron,  oxide  of  lime,  lime  carbonate,  soda  potash,  combined 
water,  etc.  The  following  analyses,  by  W.  G.  Scott,  will  give  an  idea 
of  the  proportion  of  these  elements  in  the  different  foundry  sands: 


Chemicai,    Symbols 


Fire 
Sand 


Silica SiO, 

Alumina  (clay) AljOj 

Iron  oxide FejOj 

Lime  oxide CaO 

Lime  carbonate CaCO, 

Magnesia MgO 

Soda Na,0 

Potash K2OI 

Combined  water H,0 

Organic  matter 

Specific  gravity !    2.592 

Degree  of  fineness 1 


98.04 

1.40 

.06 

.20 

'!i6 


.14 


Molding  Sands 

Iron  Work            Brass 

Light 

Me- 
dium 

Heavy 

Light 

i 

82  21 

85.85 

88.40 

78.86 

9.48 

8.37 

6.30 

7.89 

4.35 

2.33 

2.00 

5.45 

.50 

.78 

.50 

.68 

.29 

1.46 

.32 

.81 

.50 

M8 

.09 

.10 

.13 

.05 

.03 

.09 

2.64 

1.68 

1.73 

3.80 

.28 

.15 

.04 

.64 

2.652 

2.(M5 

2  630 

2.640 

85. 

66. 

46. 

95. 

Core 
Sand 


85.50 

2.65 

.85 

4.27 

.04 

.04 

2.00 

1.00 


Silica  alone  is  a  fire-resi.sting  element,  but  it  has  no  bond.  These 
other  elements  help  in  forming  the  bond.  But  under  heat,  silica  com- 
bines and  fuses  with  them,  forming  silicates.  These  silicates  melt  at  a 
much  lower  temperature  than  does  free  silica.  Therefore  with  sands 
carrj'ing  much  limestone  in  their  make  up,  or  those  containing  much 
oxide  of  iron,  soda  potash,  etc.,  the  molten  iron  will  "burn  in"  more, 
making  it  more  difficult  to  clean  the  castings. 

The  limestone  combinations  also  go  to  pieces  under  heat,  tending 
to  make  the  sand  crumble,  which  may  result  in  dirty  castings. 
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The  proportions  given  in  the  above  table  must  not  be  considered 
as  absohitely  fixed,  for  no  two  samples  of  sand,  even  from  the  same  bed, 
will  analyze  exactly  alike.  The  table  is  instructive,  however,  because 
it  shows  the  reason  why  the  different  sands  are  especially  adapted  to 
the  use  to  which  they  are  put  in  practice;  as  for  example: 

Fire  Sand  is  used  in  the  daubing  mixture  for  repairing  inside  of 
cupola  and  ladles,  antl  should  be  in  the  highest  degree  refractor^',  and 
should  contain  as  little  matter  as  possible  that  wouhl  tend  to  make  it 
fuse  or  melt. 

Light  .Molding  Sand  is  used  for  castings  such  as  stove  plate,  etc., 
which  may  have  very  finely  carved  detail  on  their  surfaces,  but  are 
thin.  The  sand  should  be  very  fine  to  bring  out  this  detail;  it  must  be 
strong,  i.  c,  high  in  clay,  so  that  the  mold  will  retain  ever)-  detail  as  the 
metal  rushes  in.  On  the  other  hand,  the  work  will  cool  so  quickly  that 
after  the  initial  escape  of  the  air  and  steam  there  will  be  xery  little 
gas  to  come  off  through  the  sand. 

Medium  Sand  is  used  for  bench  w(jrk,  and  light  floor  work, 
making  machineiy  castings  having  from  |  to  2-inch  sections. 

These  will  have  less  fine  detail,  so  the  sand  may  be  coarser  than 
in  the  previous  case.  The  bond  should  still  be  fairly  strong  to  presence 
the  shape  of  the  mold,  but  the  tendency  of  the  large  proportion  of  clay 
to  choke  the  vent  will  Ije  offset  by  the  larger  size  of  the  grain.  This 
vent  must  be  provided  for  because  the  metal  will  remain  hot  in  the 
mold  for  a  longer  time  and  will  cause  gases  to  form  during  the  whole 
of  its  cooling  period. 

Hea\  y  Sand  is  used  for  the  largest  iron  castings.  Here  the  sand 
must  be  high  in  silica  and  the  grain  coarse  because  the  heat  of  the  mol- 
ten  metal  must  be  resisted  by  the  sand  and  gases  must  be  carried  off 
through  the  sand  for  a  ver^•  long  time  after  pouring.  The  amount  of 
bond  or  clay  must  he  small  or  it  will  cause  the  sand  to  cake  and  choke 
these  gases.  The  detail  is  generally  so  large  that  the  lack  of  bond  is 
compensated  for  by  the  use  of  gaggers,  nails,  etc.  The  coarse  grain 
IS  rendered  smooth  on  the  mold  surface  by  careful  slicking. 

Core  Sand,  often  almost  entirely  surrounded  by  metal,  must  be 
quite  refractor}-  but  have  ver\-  little  clay  bond.  This  bond  would 
make  the  sand  cake,  choking  the  vent,  and  render  it  difficult  of  re- 
moval from  a  cavity  when  cleaning  the  casting.     Compared  with 
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medium  molding  sand  it  shows  higher  in  sihca  although  having  less 
than  half  the  proportion  of  alumina. 

Sands  having  practically  no  clay  in  them  are  called  free  sand.s. 
Of  these  there  are  two  "kinds  in  use,  river  saiids  and  heach  sands. 

The  grains  of  river  sand  retain  the  sharp  fractured  a])pearance  of 
chipped  rock,  and  these  little  sharp  grains  help  much  in  making  ;; 
strong  core  because  the  sharp  angular  grains  interlock  one  with  an- 
other. River  sand  is  used  on  the  larger  core  work.  Beach  sand  is 
considerably  used  in  coast  sections  because  it  is  relatively  inexpensive, 
but  its  grains  are  all  rounded  smooth  bv  the  incessant  action  of  the 
waves.  It  will  pack  together  only  as  will  so  many  minute  marbles. 
For  this  reason  it  is  used  only  for  small  cores. 

FACINGS 

Foundry  facing  is  the  term  given  to  materials  applied  to  or  mixed 
with  the  sand  which  comes  in  contact  with  the  melted  metal.  The 
object  being  to  give  a  smooth  surface  to  the  casting.  They  accom- 
plish this  in  two  ways:  1st,  by  filling  in  the  pores  between  the  sand, 
thus  o-ivinsr  a  smooth  surface  to  the  mold  face  l)efore  the  metal  is 
poured;  2nd,  they  burn  very  slowly  under  the  heat  of  the  metal,  form- 
ing a  thin  film  of  gas  between  sand  and  iron  during  the  cooling  pro- 
cess. This  prevents  the  iron  "burning  into"  the  sand  and  causes  the 
sand  to  separate  from  the  casting  when  cold. 

Different  forms  of  carbon  are  used  for  this  purpose  because  carbon 
will  glow  and  give  off  gases,  but  it  will  not  melt.  The  principal  facings 
are  graphite,  charcoal,  and  sea  coal. 

Graphite  is  a  mineral  form  of  carbon.  It  is  mined  from  the  earth 
and  shipped  in  lumps  which  are  blacker  than  coal  and  soft  and  greasy 
like  a  lump  of  clay.  The  purest  graphite  comes  from  the. Island  of 
Cevlon,  India.  There  are  several  Ix'ds,  however,  in  the  coal  fields  of 
North  America. 

Charcoal  is  a  vegetable  form  of  carbon.  It  is  made  by  forming  a 
shapely  pile  of  wood,  covering  this  over  with  earth  and  sod,  with  the 
exception  of  four  small  openings  at  the  bottom  and  one  at  the  top. 
The  pile  is  set  on  fire  and  the  wood  smoulders  for  days.  This  burns 
off  the  gases  from  the  wood,  leaving  the  fibrous  structure  charred  but 
not  consumed.  Charcoal  burning  is  done  in  the  lumbering  districts. 
The  charc-oal  for  foundry  facings  should  be  made  from  hard  wood. 

Although  sea  coal  contains  a  high  per  cent  of  carbon,  it  is  less 
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pure  than  the  other  facings  and  will  give  off  much  more  gas.  Sea  coal 
is  made  from  the  screenings  from  the  soft  coal  breakers.  The  coal 
should  be  carefully  selected  by  the  manufacturer  and  be  free  from 
slate  and  very  low  in  sulphur. 

All  facings  are  manufactured  by  putting  the  raw  materials  through 
a  series  of  crushers,  tumbling  mills  or  old-fashioned  burr  stone  mills, 
and  then  screening  them.  The  finest  facings  are  bolted  much  as  flour 
is. 

In  the  shop  the  molder  distinguishes  between  facings  or  blackings, 
and  facing  sand.  The  former  consists  of  graphite  or  charcoal,  and  is 
applied  to  the  finished  surface  of  a  mold  or  core.  The  latter  is  the 
name  given  to  a  mixture  of  new  sand,  old  sand,  and  sea  coal  which  in 
the  heavier  classes  of  work  form  the  first  layer  of  sand  next  the  pattern. 

The  use  of  the  different  facings  will  be  clearly  seen  from  the  fol- 
lowing table: 


Material  Uses 

Charcoal.  Good  facing  for  light  molds;  dusted 

oil  from  bag  after  pattern  is  drawn. 

Mixed  with  molasses  water  for 
wash  for  small  cores  and  dry  sand 
work. 

Mixed  with  some  graphite  and  clay- 
wash  for  blacking  for  heavy  dry  sand 
and  loam  work;  slicked  over  with 
tools. 

May  be  used  as  a  parting  dust  ou 
joint  of  bench  molds. 


Action 

Burns  at  low  enough 
temperature  to  be  effect- 
ive before  thin  work 
cools. 

Resists  moisture;  pre- 
vents sand  surfaces  from 
sticking  together. 


Graphite.  Good  facing  for  bench  molds ;  dusted 

on  from  bag;  good  for  medium  and 
heavj"-  green  sand  woi-k.  Ai)plied  with 
earners  hair  brush,  and  slicked  over 
with  tools. 

For  heavy  blacking    for  dry  sand 
and  loam  work.     See  above. 

Sea  Coal.  Mixed  with  facing  sand  in  propor- 

tions 1 — 0  to  1 — 12.  See  section  (Mi 
molding. 


Good  on  heavier  green 
sand  because  it  is  more 
refractory  than  charcoal, 
but  still  forms  gas  enough 
to  keep  metal  from  burn- 
ing into  sand. 


Helps  to  force  vents 
through  sand  when  mold 
is  first  poured,  and  pre- 
vents strong  sand  of  the 
facing  from  caking,  be- 
cause it  continues  to 
throw  off  gas  after  cast- 
ing has  solidified. 
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MISCELLANEOUS  MATERLAL 

Fire  Clay  comes  from  the  same  source  that  sand  does.  It  is 
almost  pure  oxide  of  ahimina,  which  is  separated  out  from  the  sand  by 
a  combination  of  the  chemical  and  mechanical  action  of  the  waters  of 
the  streams.  Fire  clay  has  traces  of  the  other  impurities  mentioned  in 
the  analysis  of  molding  sands.  It  is  foimd  in  the  lowest  strata  of  the 
deposit  beds. 

It  is  used  to  mix  with  fire  sand  in  the  proportion  of  1  to  4  as  the 
daubing  mixture  for  cupola  and  ladles. 

Clay  Wash — fire  clay  and  water.  The  test  for  mixing  this  is  as 
follows:  Dip  the  finger  into  the  wash  and  then  withdraw  it.  There 
should  be  an  even  film  of  clay  deposited  on  the  finger. 

Clay  wash  is  used  as  the  basis  of  heavy  blackings.  It  is  used  for 
wetting  crossbars  of  flasks;  breaks  in  sand  where  a  repair  is  to  be 
made;  to  wet  up  the  dry  edges  of  ladle  linings  when  repairing  with 
fresh  daubing  mixture;  in  fact,  any  place  where  a  strong  bond  is  re- 
quired at  some  particular  spot. 

Parting  Sands  or  parting  dusts  must  contain  no  bond.  They  are 
used  to  throw  on  to  the  damp  surfaces  of  molds  which  must  separate 
one  from  another.  They  prevent  these  surfaces  formed  of  high  bond 
sands  from  sticking  to  each  other. 

The  cheapest  parting  sand,  and  by  far  the  most  commonly  used, 
is  obtained  by  putting  some  burnt  core  sand,  from  the  cleaning  shed, 
through  a  fine  sieve. 

Beach  sand  is  also  used  as  a  parting  sand,  but  the  rounded  nature 
of  its  grain  weakens  the  molding  sands  more  than  does  burnt  core  sand 

Charcoal  facing  dusted  from  a  bag  makes  an  excellent  parting 
dust  on  fine  work. 

A  dust  manufactured  expressly  for  the  purpose  and  called  "Par- 
tainol"  is  the  most  perfect  material  for  fine  work.  This  is  applied 
from  a  dust  bag.  It  is  not  only  useful  for  sand  joints,  but  is  a  great 
help  if  there  is  a  deep  lift  on  a  pattern  where  the  sand  is  liable  to  stick; 
or  for  a  troublesome  box  in  the  core  room. 

Core  Binders.  Although  the  materials  for  this  purpose,  flour, 
rosin,  oil,  etc.,  are  on  the  purchasing  list  of  the  general  foundry  buyer, 
for  the  purposes  of  this  paper  they  will  be  explained  in  detail  in  the 
section  on  Core  Work. 
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TOOLS 

Under  this  heading  only  the  liand  tools  and  equipment  used  by 
the  molder  in  putting  up  his  mold,  will  he  described.  The  mechanical 
appliances  for  reducing  labor  are  described  in  a  later  section. 

To  use  sand  economically  for  molds,  sets  of  open  frames  called 
flasks  are  used.  Flasks  consist  of  two  or  more  such  boxes.  The 
lower  box  is  called  the  drof/  or  noircl,  the  upper  box  is  called  the  cope. 
If  there  are  intermediate  parts  to  the  flask  they  are  called  cheeks. 
Flasks  are  fitted  with  pins  and  sockets  so  that  they  will  always  register. 
For  small  castings  the  molds  are  rammed  up  on  benches  or  pro- 
■  jecting  brackets.  Such 
work  is  termed  bench  work 
and  the  flasks  are  usually 
what  are  known  as  snaj^ 
flasks.  They  range  in  size 
from  9x12  inches  to  18x20 
inches.  As  will  be  seen 
from  Fig.  1,  these  flasks 
hinge  on  one  corner  and 
have  catches  on  the  diag- 
onal corner.  The  advan- 
tage of  the  snap  flask  is  that 
with  but  one  flask  any  number  of  molds  may  be  put  up,  and  the  flask 
removed  as  each  mold  is  completed.  There  are  several  good  snap 
flasks  to  l)e  had  on  the  market.  ]Many  foundries,  however,  make  up 
their  own. 

Each  size  of  flask  should  have  at  least  one  smooth  straight  board 

called  the  mold  board,  the  size  of  out- 
side dimensions  of  the  flask.  Rough 
boards  or  bottom  boards  of  same  size 
should  be  provided,  one  for  each  mold 
that  will  be  put  up  in  a  day. 

Boards  for  snap  work  are  made 
from  -J  to  1  inch  stuff,  and  should  have  two  stiff  cleats,  as  shown  in 
Fig.  2,  to  hold  them  straight. 

For  heavier  castings  where  tlie  molds  are  made  on  the  floor,  box 
flasks  are  used  made  of  wood  or  iron. 

In  the  jobbing  shop,  wood  flasks  are  more  economical,  as  they  can 


Fig.  1.     Suap  Flask. 


Fig.  3.    Mold  Board. 
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more  readily  be  altered  to  fit  a  variety  of  patterns,  while  in  a  foundry 
turning  out  a  regular  line  of  castings,  iron  flasks  pay  because  they  re- 
(juire  less  repair. 

Wooden  flasks  of  necessity  receive  hard  usage  in  the  shop  and 
grow  weaker  eai-h  time  they  are  used.  They  will  l>urn  more  or  less 
each  heat;  they  receive  rough  usage  when  the  mold  is  shaken  out;  and 
often  the  flasks  must  be  stored  where  they  are  exposed  to  all  kinds  of 
weather.  It  is  economy,  therefore,  to  build  wooden  flasks  heavier 
than  would  be  necessary  if  they  were  always  to  be  used  in  their  new 
condition. 

Fig.  3  shows  construction  of  a  typical  wooden  flask;  the  sides 
project  to  form  lifting  handles,  the  ends  are  gained  in  to  the  sides. 
Through  bolts  hold  the  sides  firmly  in  addition  to  the  nailing.     Detail 


Fig.  3.     Wooiieu  Flask. 

of  the  j)in  is  shown  at  A,  and  at  B  is  a  ca.st-iron  rocker  useful  on  flask) 
over  4x5  feet,  to  facilitate  liftmg  and  rolling  over.  The  cleats  make 
it  a  simple  matter  to  alter  cro.ssbars.  The  crossbars  .should  be  not 
over  8  inches  on  centers.  For  more  than  3-foot  spans  they  should 
have  short  crossbars  through  the  middle  connecting  the  long  ones. 
In  flasks  4  feet  and  over  there  should  l)e  one  or  more  iron  cro.s.sbars 
and  a  j-inch  through  bolt  with  good  washers  to  clamp  the  sides  firmly 
to  them. 
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The  following  table  shows  thickness  of  stuff  for  sides  and  cross- 
bars for  average  sizes  of  jobbing  flasks: 


Klask  Si/er,  6  Inches  Deep 


Up  to  24  X  24  ins 

18  Ins.  to  24  ins.  wide  to  5  ft.  long  . 
24  lus.  to  36  ins.      "      "  6  '• 
36  ins.  to  48  ins.     "      "  7    ' 


Cboss-|Suijkt    Ikon 
Sides  I  babs    Cross-  Ckoss- 

I  B.\BS       BABS 


\%  in.  1  in. 

2  ins.  1  in. 
2M  in.  1 54  in. 

3  ins.  1  'A  in. 


1  row 

2  rows 


X   B. — For  each  additional  6-inch  depth  of  cope  or  drag,  add  25  per  cent 
to  the  thickness  given. 

Example.      Find   thickness  of  sides  and   bars  in  a  flask  30x48 

,    inches. 

1   Length  on  side  over  2  ft.  under  5  ft.   Thickness  of  side    =   2  inches. 

n :f^r-^ n .P:— 


(t^ 


ni 


TjritT 

— tr- 


c=  o    =>         o 

en3    = 
0h    == 

Fig.  4.    Iron  Flask. 

^^'idth  of  flask  t)\  er  24  inches  under  3()  inches,  Thickness  of  crossbar  = 
1\  inches. 

Fig.  4  shows  the  construction  of  a  large  iron  flask  suitable  for  dry 
sand  work.  The  pieces  of  the  flask  are  usuallv  ca.st  in  open  sand  from  a 
skeleton  pattern,  all  holes  cored  in.  The  crossbars  are  cast  in  the  same 
way;  they  have  a  slot  in  the  flange  instead  of  holes  to  facili-tate  adjust- 
ing them.  Trunnions  and  rf)ckers  are  sometimes  cast  on  the  sides  in  a 
core  instead  of  being  made  separate  and  bolted  on.    Holes  for  pins  are 
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Fig.  5.    Flask  for  Molding  Machine 


usually  drilled  through  the  joint  flange.  For  pins,  short  iron  bars  are 
used  temporarily  in  closing.  Thickness  of  metal  varies  from  I  to 
1|^  inches  according  to  size  of  flask. 

Fig.  5  shows  typical  form  of  iron  flask  used  on  some  molding 

machines.  The  boxes  are  cast  in 
one  piece.  The  handles  serve  as 
lugs  for  the  closing  pins.  Only 
one  pin  is  fixed  on  each  box. 
T  h  i  s  makes  the  boxes  inter- 
changeable and  capable  of  being 
used  for  cither  cope  or  drag. 

For  cutting  and  handling 
l(W)se  sand  the  molder  uses  a 
shovel  with  flat  blade,  Fig.  6,  for 
it  is  often  moi-e  convenient  to  let  the  sand  slide  off  of  the  side  of  the 
shovel  than  off  of  the  end.  This  is  especially  true  when  shoveling 
sand  into  bench  molds  or  molding  machine  flasks. 

The  foundry  sieve  or  riddle,  Fig.  7,  is  used  to  break  up  and  re- 
move lumps,  shot  iron,  nails,  etc.,  from  the  sand  placed  next 
the  pattern  or  Joint.  Sieves  should  have  oak  rims  with  brass 
or  galvanized  iron  wire  cloth.  In  ordering,  the  diameter  •of 
rim  and  number  of  meshes  to  the  inch  of  the  woven  wire  is 
given.  (lood  sizes  for  the  iron  foundry  are  1()  inches  to  18 
inches  diameter,  No.  8  to  12  on  l)ench  work,  No.  4  to  8  on 
floor  work. 

Rammers  are  useil  for  evenly  and  quickly  packing  the 
sand  in  the  flask.  One  end 
is  in  the  shape  of  a  dull 
Avedge,  called  the  p  e  e  n 
end,  the  other  is  round 
and  flat,  called  llic  butt 
end.  In  Fig.  8,  a  is  the 
tvpe  of  rammer  used  on 
Fig-  6-        bench  work;  b  is  a  floor 

Flat  Blade  .  piir.  7,    Foundry  Sieve. 

Shovel.       rammer   liaving    cast 
heads  and  wooden  shaft;  c  .shows  rammer  made  up  in  the  foundry  by 
casting  the  heads  on  the  ends  of  an  iron  bar;  d  shows  small  peen  cast 
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on  short  rod;  this  is  convenient  for  getting  into  corners  or  pockets  on 

floor  work. 

In  shops  equipped  witli  compressed  air  a  pneumatic  rammer  i.'i 

sometimes  used  to  butt  off  large  fhisks,  and  for 

ramming  loam  molds  in  pits.     See  Fig.  9. 

INIolders'  tools  are   designed    for   shaping 

and  slicking  the  joint  surfaces  of  a  mold  and 
I  finishing  the  faces  of  the  mold  itself.  Except 
i  the  trowels,  they  are  forged  in  one  piece  from 
I  steel.  The  trowels  have  steel  blade  and  short 
I  round  handle  which  fits  conveniently  into  the 
1  grasp  of  the  hand.  All  of  the  tools  are  ground 
j  slightly  crowning  on  the  bottom.  They  are 
I  rocked  just  a  little  as   they  are  worked  back 

and  forth  over  the  sand  to  prevent  the  forward 
j  edge  cutting  into  the  surface  of  the  mold. 


© 


Fig.  8.    Rammers. 


c 

Fig.  9.    Pneumatic  Rammer.  Fig.  10.    Trowels. 

Of  the  sixty  or  more  combinations  of  shapes  on  the  market^  the 
few  illustrated  represent  the  ones  most  commonly  used  in  jobbing 
shops. 
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Trowels,  Fig.  10,  are  used  for  shaping  and  smoothing  the  larger 
surfaces  of  a  mold.     The  square  trowel  (a)  is  convenient  for  working 

up  into  a  square  corner,  and  the  finish- 
ing trowels  (J)  and  c)  are  more  for  cop- 
ing out  and  finishing  along  the  curved 
edges  of  a  pattern.  Trowels  are  meas- 
ured by  the  width  and  length  of  blade. 
Slicks  are  designated  by  the  shape 
of  the  blade  and  the  width  of  the  widest 
blade.  In  Fig.  1 1 ,  o  is  a  heart  and  leaf; 
h,  leaf  and  spoon;  c,  heart  and  square; 
and  d,  a  spoon  and  bead. 
These  are  in  sizes  of  1 
inch  to  If  inches.  They 
are  used  for  repairing  and 
Fig.  II.   Slicks.  slicking  small  surfaces 

Fig.  12  .shows  lifters  u.sed  to  clean  and  fini.sh  the 
bottom  and  sides  of  deep  narrow  openings;  a  is  a  floor 
lifter,  made  in  sizes  i  x  10  to  1  x  20;  />  is  a  bench  lifter, 
sizes  vary  from  ^%  inches  to  f  inch.  , 

Fig.  13  .shows  at  a  and  h,  inside  and  outside  scpiare 

corner  slicks,  made  in 
sizes  of  1  to  3  inches, 
c  is  a  half  round  cor- 
ner, widths  1  inch  to 
2h  inches;  and  d  is  a 
pipe  .slick  made  1  inch 
to  2  inches.  This  .style  ^^e- '2- Lifter. 
of  tool  is  mainly  used  on  dry  sand 
and  loam  work. 

Swabs  are  u.sed  to  moisten  the 
edges  of  the  sand  about  a  pattern  before  drawing  it  from  the  mold. 
This  foundrv  .swab  is  a  dangerous  though  u.seful  tool.  Its  danger 
lies  in  a  too  free  u.se  of  water  around  the  mold,  which  may  result  in 
blow  holes.  A  good  swab  for  bench  work  is  made  by  fastening  a  piece 
of  .sponge,  about  double  the  size  of  an  egg,  to  a  goo.se  quill  or  even  a 
pointed  hardwood  stick.  The  point  will  act  as  a  guide  and  the  water 
may  be  made  to  run  or  simply  drop  from  the  point  by  varying  the 


Pig.  i:i    S(inare  Corner  Slicks. 
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I  pressure  on  the  s{)()n(j;e.  Floor  swabs,  Fi^.  14,  are  made  from  hemp 
i  fiber.  They  should  have  a  good  hodyof  fiber  shaped  to  a  point,  and 
j  l)e  made  about  12  inches  or  14  inches  long.  They  will  take  up  con- 
I  siderable  water  and  deliver  it  from 
1  the  tip  of  the  point.  In  heavy 
i  work  the  swab  is  trailed  lightly 
i  over  the  sand  like  a  long  bristled 

!  brush.  ^^S-  ^*-    Floor  Swab. 

^>nt  wires  are  used  to  pierce  small  holes  through  the  sand  con- 
I  necting  the  mold  cavity  with  the  outside  air.  For  bench  work  a  knit- 
i  ting  needle  is  the  most  convenient  thing  to  use.  It  should  have  a  short 
i  hardwood  handle  or  cast  ball  on  one  end.  Select  a  needle  as  small  as 
possible,  so  long  as  it  will  not  bend  when  using  it. 

Heavy  vent  rods  are  best  made  of  a  spring  steel  from 
■j^e  inches  to  h  inch  with  the  pointed  end  enlarged  a  little  to 
give  clearance  for  the  body  of  the  rod  when  run  deep  into  the 
.sand.     See  Fig.  15. 

Draw  sticks  are  used  to 
rap  and  draw  patterns  from 
the  sand.  Fig.  IG  shows  three 
kinds:  (a)  is  a  small  pointed 
rod  I  inch  to  f  inch  in  size, 
which  gets  its  hold  by  simply 
Fig.  15.  firivJnpr  it  into  the  wood  of  the 
Vent  Rod.  tn   • 

pattern,     (b)  is  a  wood    screw 

welded  to  an  eye  for  convenience,  (c) 
is  an  eye  rod  with  machine  screw-- 
thread, which  requires  a  metal  plate 
llet  into  the  pattern.  The  plate  is 
I  called  a  rapping  plate  and  is  made  with 
iseparate  holes  not  threaded.  Into  these 
holes  a  pointed  rapping  bar  is  placed 
when  rapping  the  pattern.  This  pre- 
serves the  threads  used  for  the  drawbar. 
In  pouring,  the  parts  of  a  mold 
piust  be  clamped  by  some  method  to 
prevent  the  pressure  of  the  liquid  metal  from  separating  them,  causing 
^a  run-out. 


0 


I 


Fig.  16.    Draw  Sticks. 
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For  light  work  a  weight,  shown  in  Fig.  17,  is  the  most  convenient. 
This  is  simply  a  plate  of  cast  iron  1  inch  to  U  inches  thick,  with  a 

cross-shaped  opening  cast  in  it  to  give 
considerable  liberty  in  placing  the  run- 
ner in  the  mold.  The  weights  are  from 
15  to  40  pounds,  according  to  si/e  of 
flasks. 
Fig.  17.   AVcight.  Floor   flasks    are    fastened   w  i  t  li 

clamps  made  of  c-a.st  iron.     The.se  are  tightene.l  l.y  prying  them  ou  to 

a    hardwood   wedge.     Fig.  IS 

shows  how^  wedge  may  first  be 

entered  and  how  the  clamping 

bar  is  used  to  firmly  clamp  the 

flask.     For  iron  fla.sks  used  in 

dry  sand  work  the  clamps  are 

very  short  as  only  the  flanges 

are  clamped    tt)gether.      See 

Fig.  4.     Iron  w^edges  are  used 

Instead   of  wood.     Often   the 

iron  bottom  board  is  clamped 


=3 


Fig.  18.    Metliod  of  Clamping. 

on  and  the  joint  flanges  l>oited  together  before  pouring. 

PRINCIPLES  OF    MOLDING 

There  are  certain  principles  underlying  iron  molding  which  hold 
good  in  all  classes  of  founding,  and  a  practical  under.standing  of  these 
principles  is  necessarv  for  good  work  in  any  line. 

Aside  from  the  fac-t  that  we  generally  want  a  mold  which  takes 
the  least  possible  time  to  put  up,  there  are  three  things  aimed  at  in 
green  sand  work,  these  are:  A  sound  casting,  free  from  internal  im- 
perfections, such  as  blow  holes,  porous  .spots,  shrinkage  cracks,  etc^ 
A  clean  casting,  free  from  dirt,  such  as  .slag,  sand,  etc.  \  smooth 
casting,  having  uniform  surface  free  from  scabs,  buckles  cold  .shute. 
or  swells  The  natural  sands  best  adapted  to  ol)tain  these  results 
have  alreadv  been  dealt  with.  The  methods  of  adding  new  sands 
vary  with  d:ifferent  cla.s.ses  of  work.  For  light  work  the  entire  heap 
should  be  kept  in  good  condition  by  adding  a  little  new  sand  eve^ 
day  for  the  light  castings  do  not  burn  out  the  sand  to  a  great  extent. 


170 


5  £ 

2    3 


FOUNDRY  WORK  i: 


On  lieavier  work  of  from  50  pounds  and  upward,  the  proportion 
of  sand  next  the  pattern  is  so  small  compared  with  that  used  simply 
to  fill  the  flask,  that  it  does  not  pay  to  keep  the  entire  heap  strong 
enough  for  actual  facing.  The  heap  should  be  freshened  occasionally 
with  a  cheap  molding  sand,  hut  for  that  portion  of  the  mold  which 
forms  the  joint  surface  and  especially  that  which  comes  in  contact  with 
the  metal,  a  facing  sand  should  l)e  used. 

The  range  of  new  sand  in  facing  mixtures  is 

3  to  6  New  .sand  j 

6  to  2  Old     "      f  fl  to  g  Sea  coal  facing. 

1  to  2  Free    '      ) 

The.se  proportions,  and  the  thickness  of  the  layer  of  facing  .sand, 
vary  with  the  weight  of  metal  in  the  easting.  Too  much  new  sand 
tends  to  choke  the  vent  and  cause  sand  to  cake;  too  little  new  sand 
renders  facing  liable  to  cut  or  .scab.  Too  much  .sea  coal  makes  .sand 
brittle,  and  more  difhcult  to  work,  also  gives  off  too  much  gas  which 
is  liable  to  cause  blow  holes  in  casting.  Xot  enough  sea  coal  allows 
the  sand  to  cake,  making  cleaning  difhcult. 

To  prepare  foundry  sand  for  making  a  mold,  it  must  be  "tem- 
pered" and  "cut"  through.     This  is  now  usually  done  In'  laborers. 

To  temper  the  sand,  throw  water  over  the  heap  in  the  form  of  a 
.sheet  by  giving  a  peculiar  backward  swing  to  the  pail  as  the  water 
leaves  it.  Then  "cut"  the  pile  through,  a  shovelful  at  a  time,  lettrng 
the  air  through  the  sand  and  breaking  up  the  lumps.  This  moistens 
the  clay  in  the  sand,  making  it  adhesive  and  puts  the  pile  in  the  best 
condition  for  working. 

To  test  the  temper,  give  one  squeeze  to  a  handful  of  sand.  An 
excess  of  water  will  at  once  be  detected  by  the  sogg\'  feehng  of  the 
sand.  Now  hold  the  egg-shaped  lump  between  thumb  and  finger  of 
each  hand  and  break  it  in  the  middle.  The  edges  of  the  break  .should 
remain  firm  and  not  crumble. 

Too  much  moisture  will  make  excess  of  steam  in  the  mold,  causing 
blow  holes.  Xot  enough  moisture  renders  sand  weak  and  apt  to  wash 
or  cut. 

Bearing  in  mind  the  nature  of  the  materials  we  have  to  work  with, 
we  must  now  .study  the  important  operations  involved  in  making  a 
sand  mold. 
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The  sand  next  to  the  joint  and  over  the  pattern  should  be  sijted. 
The  thickness  of  this  layer  of  sifted  sand  varies  from  about  |  nich 
for  light  work,  to  2  inches  on  very  heavy  work.  The  fineness  of  the 
sieve  used  depends  upon  the  class  of  work.  No.  10  or  12  would  be 
used  for  small  name  plates,  stove  plate,  etc.,  while  Xo.  8  or  6  is  goo<i 
for  general  machinerv  work.  On  floor  work,  from  4  to  6  mches  of 
sand  back  of  the  facing  should  be  riddled  through  a  No.  4  sieve  to 
ensure  more  even  ramming  and  venting. 

RAMMING 

The  object  of  rammim/  is  to  make  the  sand  hang  into  the  flask 

and  support  the  walls  of  the  mold  against  the  How  and  pressure  of  the 

metal.     The  knack  of  ramming  just  right  only  comes  with  continued 

practice  and  comparison  of  results.     Hard  ramming  closes  up  the 


Fig.  19.    Setting  Gaggers. 

vent  causing  blow  holes.  Iron  will  not  lay-to  a  hard  surface. 
Soft  ramming  leaves  a  weak  mold  surface  and  the  flow  of  the  metal  as 
it  enters  the  mold  will  "wash"  or  ''cut"  the  sand,  leaving  a  "scab  on 
one  part  of  the  casting  and  sand  holes  on  another.  A  mold  rammed 
too  soft  will  tend  to  "swell"  under  the  pressure  of  the  liquid  metal, 
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making'  (lit'  casting;  larger  than  the  paltcni  or  leaving  an  unsightly 
lump  on  the  casting.  The  bottom  parts  of  a  mold  being  under  greater 
casting  pressure  nuist  he  ranuneij  somewhat  harder  than  the  upper 
portions. 

"^J'he  joint  also  slionld  he  packed  hrmly,  as  it  is  exposecl  to  more 
liaiuiling  than  any  other  part. 

Crossbars  are  put  in  the  eope  to  make  it  possible  to  lift  the  sand 
with  the  eope  without  excessively  hard  ramming.  As  an  additional 
support  for  the  cope  sand  on  large  work  gagc/ers  are  used.  These  are 
L-shaped  pieces  of  iron  made  from  wrought  or  cast  iron  of  from  y^g- 
inch  to  j-inch  sfpiare  section. 

The  force  of  the  sand  ])ressing  against  the  long  leg  of  the  gagger 
holds  it  in  place  and  the  short  leg  supports  the  sand  about  it.  There- 
fore the  gagger  will  hold  best  when  the  long  leg  is  placed  tight  against 


Fig.  20.    Chaplets. 

the  crossbar  and  plumb.  T'.e  long  leg  of  the  gagger  should  not  pro- 
ject above  the  level  of  the  cope,  as  there  is  much  danger  of  striking  it 
and  breaking  in  the  mold  after  the  liask  is  clo.sed.  Fig.  19  shows  the 
right  and  the  wrong  wavs  of  setting  jjaggers. 

Chaplets  should  be  used  to  support  parts  of  cores  which  cannot 
be  entirely  secured  by  their  prints  which  are  held  in  the  sand  of  the 
mold.  Fig.  20  shows  the  three  principal  forms  of  chaplets  used,  and 
how  they  are  set  in  the  mold;  (a)  is  a  stem  chaplet;  (6)  i^  a  double 
headed  or  stud  chaplet;  and  {<•)  is  a  form  of  chaplet  made  up  of  strip 
metal. 

That  portion  of  the  chaplets  which  will  be  bedded  in  metal  is  tinned 


178 


^0  FOUNDRY  WORK 


to  preserve  it  from  rusting,  because  rusty  iron  will  cause  liquid  metal 
to  "blow."  For  small  cores  nails  are  often  employed  for  this  purpose, 
but  only  new  ones  should  be  used.  ^Vith  the  stem  chaplets  the  tails 
nuist  be  cut  off  when  the  casting-  is  cleaned — the  stud  chaplet  becomes 
entirely  embedded  in  the  metal.  There  are  now  manufactured  and 
on  the  market  many  different  styles  of  chaplets.  In  selecting  the  size 
and  form  for  a  given  purpose  the  head  of  the  chaplet  should  be  large 
enough  to  support  the  weight  of  the  core  without  crushing  into  the  sand 
and  thin  enough  to  fuse  into  the  liquid  metal.  The  .v/r?»  nmst  be 
small  enough  to  fuse  well  to  the  metal  and  stiff  enough  not  to  l)en(l, 
when  hot,  under  its  load. 

VENTING 

In  the  section  on  sands,  reference  has  already  been  made  to  gases 
which  must  be  taken  off  from  a  mold  when  it  is  poured.  There  are 
three  ^orms  of  these:  Air,  with  which  the  mold  cavity  is  filled  before 
pouring;  Sfram,  formed  by  the  action  of  the  hot  metal  again.st  the 
damp  sand  during  the  pouring  process;  and  Gases,  formed  while  the 
casting  is  cooling,  from  chemical  reactions  within  the  liquid  metal  and 
from  the  burning  of  organic  matter,  facings,  core  binder,  etc.,  in  the 
sands  of  the  mold.  It  is  of  the  greatest  importance  that  the.se  gases 
pass  off  quickly  and  as  completely  as  possible.  If  they  do  not  find 
free  escape  through  the  mold  they  are  forc-ed  back  into  the  licpiid  metal, 
making  it  "boil"  or  "blow."  Tiiis  mav  blow  the  metal  out  through 
risers  and  runners,  or  simply  form  numerous  little  bubble-shaped 
cavities  in  the  casting,  called  "blow  holes."  These  often  form  just 
below  the  skin  of  the  casting  and  are  not  discovered  until  the  piece  is 
partially  finished. 

We  cannot  depend  entirely  upon  the  porosity  of  the  molding 
sands,  but  must  provide  channels  or  rents  for  the  escape  of  these  gases. 

For  light  work  a  free  use  of  the  vent  wire  through  the  sand  in  the 
cope  will  answer  all  purposes. 

On  castings  of  medium  weight,  besides  venting  with  the  wire, 
ri.sers  are  placed  directly  on  the  casting  or  just  off  to  one  side  as  shown 
in  Figs.  19  and  21.  The.se  are  left  open  when  the  mold  is  poured  and 
provide  mainly  for  the  escape  of  the  air  from  the  mold. 

Heavy  castings  that  will  take  some  time  to  cool,  and  thus  keep 
facings  burning  for  a  long  time  after  the  mold  is  poured,  require  vent- 
ing on  sides  and  bottom  as  well  as  top.     Fig.  21  shows  side  vents  a  a 
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a  a  c-(jimectiiig  with  tlu*  air  tlirougli  the  channel  h  h  h  cut  aiiMig  joint 
and  risers  c  c  c  passing  through  the  cope.  At  the  bottom  the  vents 
connect  with  cross  vents  d  d  run  from  side  to  side  between  the  l:)ottom 
board  and  edge  of  flask.     Fig.  22  shows  a  mold  bedded  in  the  floor; 

the  side  or  down  vents  connect 
at  the  top,  as  in  previous  exam- 
ples, and  at  the  bottom  with  a 
cinder  bed  about  2  inches  thick, 


Fig.  21.    Use  of  Risers.  Fig.  22.    Mold  Bedded  in  Floor. 

rammed  over  entire  bottom  of  pit.  The  gases  find  escape  from  this 
cinder  bed  through  a  large  gas  pipe. 

In  pouring,  the  gas  from  vents  should  be  lighted  as  soon  as  may 
be.  The  burning  at  the  mouth  of  vents  helps  draw  the  gases  from 
below  and  also  keeps  the  poisonous  gas  out  of  the  shop. 

It  is  customary  to  keep  risers  closed  with  small  cover  plates  when 
large  castings  are  being  poured  so  that  the  air  in  the  mold  will  be  com- 
pressed as  the  metal  rises  in  the  mold.  This  helps  sustain  the  walk 
of  the  mold  and  forces  the  vents  clear  so  that  they  will  act  more  quickly 
when  the  mold  is  full.  These  covers  are  removed  occasionally  to 
watch  the  progress  of  pouring,  and  are  entirely  removed  when  the 
metal  enters  the  risers. 

GATING 

Gating  is  the  term  applied  to  the  methods  of  forming  openings 
and  channels  in  the  sand  by  which  liquid  metal  may  enter  the  mold 
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cavity.     The  terms  sprnca  and  runners  are  also  used  with  the  same 
meaning  in  some  shops. 

There  are  practically  three  parts  to  all  gates — the  pouring  basin, 
the  runner,  and  the  gate.  See  Fig.  21.  The  runner  is  formed  by  a 
wooden  gate  plug  made  for  the  purpose.  The  pouring  basin  is  shaped 
by  hand  on  top  of  the  cope,  and  the  gate  proper  is  cut  along  the  joint 
surface  l)y  means  of  a  gate  cutter.  In  all  cases  the  gate  section  should 
be  smaller  than  any  other  part  so  that,  when  pouring,  the  runner  and 
basin  may  be  quickly  flooded;  also  that  the  gate 
when  cold  will  break  off  clo.se  to  the  casting  and 
lessen  the  work  of  cleaning. 

The  object  of  gating  is  to  fill  the  mold  cav- 
ity with  clean  metal — to  fill  it  quickly,  and  while 
filling,  to  create  as  little  disturbance  as  possible 
in  the  metal. 

The  impurities  in  liquid  metal  are  lighter 
than  the  metal  itself,  and  they  always  rise  to  the 
top  when  the  melted  metal  is  at  rest  or  nearly 
Fig.  33.  Gate.  so.     Advantage  is  taken  of  this  important  prop- 

erty to  accomplish  the  first  of  the  objects  mentioned. 

Fig.  23  shows  a  good  type  of  gate  to  use  on  light  work.  For 
reasons  given,  the  point  a  should 
have  the  smallest  .sectional  area. 
This  section  should  be  wider  than  it 
is  deep  as  shown  at  h,  l)ecause  the 
hot  iron  necessarv  for  lifjht  work 
runs  very  fluid. 

The  runner  should  not  be  more 
than  i^  to  f  inch  in  diameter.  The 
pouring  basin  should  be  made  deep- 
est at  point  c,  and  slant  upA\-ard 
cro.ssing  the  runner.  When  pour- 
ing, the  stream  from  the  ladle  should 
enter  at  c,  flood  the  basin  at  once, 
and  keep  it  in  this  condition.  The 
current  of  the  metal  will  then  tend  I'Js-  -*•  skimming  Gate. 

to  hold    back    the  slag,   allowing   clean    metal    to  flow   down   the   I 
runner. 
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When  particularly  clean  castings  of  medium  weight  are  required, 
some  form  of  skimming  gate  should  he  used  Fig.  24  illustrates  one 
of  several  practical  forms.  They  all  depend  for  their  efficiency  upon 
the  princij)le  cited  al)ove.  In  th.e  cut,  a  is  the  pouring  basin  and  run- 
ner, b  is  a  good  sized  riser  placed  about  3  or  4  inches  from  a,  and  c  is  a 
channel  cut  in  the  cope  joint,  connecting  these  two.  The  gate  d  should 
he  cut  in  the  drag  side  of  the  joint,  just  under  the  riser  but  at  an  angle 
of  90°  or  less  with  c.  The  metal  rushing  down  the  runner  is  checked 
l)y  the  small  size  of  the  gate  and  so  washes  any  dirt  or  slag  up  into  the 
large  riser  h.  The  level  of  metal  in  this  riser  must  be  su.stained  by 
sufficiently  rapid  pouring  until  the  mold  is  filled. 

In  bench  work  and  floor  work,  the  greatest  care  must  be  used  to 
have  all  parts  of  the  gate  absolutely  free  from  loose  sand  or  facing 
which  will  wash  into  the  mold  with  the  first  flood  of  metal. 

On  heavy  work  special  skimming  gates  are  not  used,  for  the  capac- 
ity of  the  pouring  basin  is  very  much  greater  than  that  of  the  runners 
which  can  be  quickly  flooded  and  thus  retain  the  slag.  Besides  this, 
large  risers  are  set  at  the  sides  or  directly  upon  the  casting,  to  receive 
any  loose  sand  or  facing  that  washes  up  as  the  mold  is  being  filled. 
Fig,  22  illustrates  this  type. 

In  regard  to  filling  the  mold  quickly  and  quietly,  the  two  are 
closely  allied.     The  shape  and  thickness  of  the  casting  are  the  impor- 
tant factors  in  determining  the  number  and  position 
of  the  gates.    Aside  from  the  fact  that  the  gate  should       ///^      "^ 
never  be  heavier  than  the  part  of  the  casting  to  which 
it  attaches,  the  actual  size  of  the  gate  opening  is  some- 
thing that  the  molder  must  learn  from  experience. 

In  arranging  gates  with  regard  to  the  shape  of 
the  pattern,  the  following  points  should  be  borne  in 
mind.  Place  gates  where  the  natural  flow  of  the 
metal  will  tend  to  fill  the  molcj  quickly.  Usually 
gate  on  lighter  sections  of  casting.  Select  such 
points  on  the  casting  that  the  gates  may  be  broken 
and  ground  of!  with  least  trouble.  The  greater  the 
number  of  castings  to  be  handled,  the  more  impor- 
tant this  point  becomes.  A  study  of  the  molding 
problems  given  will  illustrate  this  point. 

Provide  enough  gates  to  fill  all  parts  of  the  mold  with  metal  of 


Fig.  25- 
Use  of  Gates. 
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uniform  temperature.  This  depends  upon  the  thickness  of  the  work, 
as  is  illustrated  in  Fig.  25,  by  two  molds  having  same  shape  at  joints, 
but  different  thicknesses.  In  thin  castings  the  metal  tends  to  chill 
quickly,  so  it  must  be  well  distributed.  In  the  cut,  a  is  a  plate  \  inch 
thick,  and  should  have  several  gates.  A  piece  having  the  same  diam- 
eter but  heavier,  would  run  better  from  one  gate,  see  h,  while  if  a  bush- 
ing of  this  diameter  is  required,  the  best  results  would  be  obtained  by 
gating  near  the  bottom,  as  in  Fig.  22.  For  running  work  at  the  bottom 
as  shown  in  Fig.  22,  the  gate  piece  b  is  separate  from  the  runner,  and  is 
picked  into  the  mold  after  the  pattern  is  drawn.  The  runner  r  should 
extend  below  the  level  of  the  gate  to  receive  the  force  of  the  first  fall 
of  metal,  which  otherwise  would  tend  to  cut  the  sand  of  the  gate. 
SHRINKAGE  HEADS 
Melted  metal  shrinks  as  it  cools,  and  this  process  begins  from  the 
moment  the  mold  is  filled.  The  surfaces  next  to  the  damp  sand  are 
the  first  to  solidify,  and  they  draw  to  themselves  the  more  fluid  metal 
from  the  interior.  This  process  goes  on  until  the  whole  casting  has 
solidified.  This  shrinkage  causes  the  grain  in  the  mid- 
dle to  be  coarse  and  sometimes  even  open  or  porous. 

The  lower  parts  of  a  casting  are  under  the  pressure 
or  weight  of  all  the  metal  above,  and  so  resist  these 
shrinkage  strains.  The  top  parts,  however,  require  the 
pressure  of  liquid  metal  in  gates  or  risers  to  sustain  them 
until  they  have  hardened  sufficiently  to  hold  their  shape, 
or  they  will  sink  as  indicated  by  the  section,  Fig.  20.  Risers  mentioned 
in  connection  with  securing  clean  metal  are  also  re- 
quired on  heavy  pieces  to  prevent  this  distortion  and 
give  sound  metal.  "When  used  in  this  way  they  are 
called  shrinkage  heads  or  feeders.  They  should  be 
()  or  8  inches  in  diameter,  so  as  to  keep  the  iron 
liquid  as  long  as  possible,  and  should  have  a  neck  2 
or  3  inches  in  diameter,  to  reduce  the  labor  required 
to  break  them  from  the  casting  in  cleaning.  To  pre- 
vent the  metal  in  this  neck  from  freezing,  an  iron 
feeding  rod  is  inserted,  as  in  Fig.  27,  and  churned 
slowly  up  and  down.  This  insures  fluid  metal  reaching  the  interior. 
As  the  level  in  the  feeder  lowers,  hot  metal  shoidd  be  added  from  a 
band  ladle. 


Fig.  26. 

Sinking  of 

Casting. 


P'lg.  27. 
Feeding  Rod. 
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PRESSURE  IN  MOLDS 

The  subject  of  the  pressure  of  hcjuid  iron  mentioned  repeatedly 
in  the  foregoing  pages,  must  be  dealt  with'  bv  the  molder  in  weighting 
his  copes,  strengthening  flasks,  securing  cores,  etc.,  but  most  frequently 
by  the  first  of  these. 

Molten  iron  acts  in  accordance  with  the  same  natural  laws  that 
govern  all  liquids — as  for  example,  water  (see  Mechanics,  Part  II). 
Iron,  however,  is  7.2  times  heavier  than  water.  The  two  laws  ap- 
plicable in  foundry  work  are  these:  Liquids  always  seek  their  own 
level:    Pressure  in  liquids  is  exerted  in  every  direction. 

Applying  these  laws:     If  we  have  two  columns  of  licjuid  iron  con- 
nected at  the  bottom,  they  would  just  balance  each  other.     For  con- 
venience we  shall  leave  out  of  our  calculations  the  upward  pressure 
on  the  gates  in  the  follow- 
ing e  X  a  m  p  le  s,    for  in 
practical  work  they  need 
seldom   be  taken    into 
account. 

In  A,  Fig.  28,  sup- 
pose these  columns  stand 
6  inches  abov*^  the  joint 
6  d,  and  that  cclumn  c  d, 
has  an  area  of  i  sq.  in. 
In  B,  suppose  the  area  of 
the  right  hand  column  c 
de  f  IS  five  times  the  area 
of  column  c  d.  In  both 
cases  the  level  with  top 
of  runner  a  will  be  main- 
tained. The  depth  of 
the  cavity  below  the  joint 
hd  f  makes  no  difference  ^  ^ 

in    maintaining    these  ^'®  -^-   p^-^^s^^^-^  «*  Liquids. 

levels.     The  weight  of  one  cubic  inch  of  iron,  .26  lb.,  is  taken  as  the 
basis  of  all  calculations. 

Now  if  we  close  the  column  c  d  at  d,  as  in  C,  it  is  clear  that  it 
would  require  the  actual  weight  of  that  column  to  balance  the  lifting 
pressure  on  surface  d,  or  6  inches  X.26  X  1  sq.  in,  =  1.56  lbs.    And  if 
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the  larger  area  d  f  is  closed  over,  as  in  D,  it  takes  five  times  this  weight 
to  resist  the  pressure  exerted  upon  it  by  the  runner,  or  G  inches  X  .28 
X  5  sq.  in.  =  7.8  lbs.  If  the  pattern  projected  2  inches  into  the  cope 
the  height  of  the  rinmer  above  the  surface  acting  against  the  cope 
would  be  but  4  inches,  and  the  pressure  to  be  overcome  would  be  equal 
to  the  weight  of  c  d  g  h,  etjual  to  4  inches  X  .26  X  5  inches  =5.2  lbs. 

The  important  factors  are,  then,  heir/hf  of  runner,  and  area  of  iruAd 
which  presses  against  the  cope.  We  can  therefore  state  a  rule:  To 
calculate  the  upward  pressure  of 
molten  iron,  multiply  the  depth 
in  inches  by  the  weight  of  one 
cubic  inch  of  iron  (.26)  and  this 
product  by  the  area  in  scjuare 
inches  upon  which  the  pressure 
acts. 

Applying  the  second  1  a  w 
cited,  the  strains  on  sides  and 
bottom  of  molds  and  upon  cores 
is  explained. 

By  the  rule  we  first  find  tlic 
pressure  per  sq.  in.  at  any  given 
level  by  multiplying  the  depth   by 
pressure  increases  the  lower  in  the  mold  a  point  is  ^aken. 

In  Fig.  29,  the  pressure  at  a  equals  h  X  .26.  This  also  acts 
against  the  sides  at  e  e.  The  pressure  at  b  is  h'  X  .26,  and  is  exerted 
sidewise  and  downward.  The  pressure  at  c  is  h"  X  .26.  This  point 
l)eing  half  way  between  levels  a  and  b,  represents  the  average  sidewise 
or  lateral  pressure  on  all  of  the  sides. 

If  this  mold  then  is  1 1  in.'  hes  square,  and  9  inches  deep,  with  the 
jjouring  basin  6  inches  above  the  joint,  we  have 

Area  of  a,  121  sq.  in. 

Area  of  b,  121  s(j.  in. 

Area  of  c,  (one  side),  99  sq.  in. 

Area  of  four  sides,  396  sq.  in. 

Height  of /<    =    6    in.    =  1.56  lbs.  per  sq.  in.  in  pressure. 

Height  of //  -^  15    in.    =.3.90   "     "    "     "    " 

Height  of /«"  =  lOUn.   =2.73"     "    '*     "    "        " 
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Fig.  29.    Pressure  of  Liquids. 

26,  and    it   is   jbvious   that  this 
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Multiplying  these  together,  we  have 

Upward  pressure  on  a  =     188.76 

Total  pressure*  on  side  c  =    270.27  " 

Total  pressure  on  four  sides         =  1081.08 

Total  downward  pressure  on  6  =    471.90 

A  study  of  these  figures  shows  the  necessity  of  well  made  flasks 
and  bottom  hoards,  for  these  must  resist  a  greater  pressure  even  than 
that  re(juired  to  keep  the  cope  from  lifting.  They  also  show  clearly 
why  the  lower  parts  of  the  casting  will  resist  the  pressure  of  the  gases 
more  and  require  firmer  ranmiing  than  the  upper  portions. 
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Fig.  30.    Pressure  of  Liquids. 

j         A  difference  in  the  way  a  pattern  is  molded  may  make  a  great 

i  difference  in  the  weight  required  on  the  cope.     Compare  A  and  B, 

Fig.  30.     Suppose  this  pattern  is  cylindrical  in  shape,  we  would  have 

Area  of  circle  a  (from  table), — 118.10 

Area  of  circle /^  f    "        "    ), —  78.54 

Area  of  ring  c'  c',  equal  to  b  subtracted  from  a,  or  34.5(3. 
Then : 

Total  lift  on  cope  A  is  8  X  .2(5  X  1 13.10  =  235.24  lbs. 

The  lift  on  cope  B  is   8  X  .26  X  34.5()     =    71.88  lbs. 
and  (8  +  5)  X  .26  X  78.54  =  265.46 


, making  a  total  of 337.34  lbs.  on  B. 

I        Fig.  31  is  an  example  of  a  core  5  inches  square  surrounded  by 
jl  inch  of  metal,  with  a  runner  6  inches  high;  we  have  here, 

Pressure  per  s(juarc  inch  on  a  is    7  X  .26  or  1.82  lbs. 
"      "    b  "  12  X  .26  or  3.12  " 

The  difference  in  these  pressures  is  1.30  lbs.  per  sq.  in.     Then  for 
jevery  foot  of  length  in  the  core  we  must  balance  a  lifting  pressure  on 
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the  l)ottoiii  of  the  eore  of  o  inches  X  12  inches  X  3.12,  or  187.2  lbs. 
until  the  metal  covers  surface  a,  when  it  will  exert  a  counteracting 

downward  pressure,  and  the  strain  on 
the  chaplets  will  be-only  60  X  1.30  lbs. 
or  78  lbs. 

Some  of  the  ordinary  defects 
which  the  beginner  will  find  on  his 
castings  are  as  follows: 

Poured  Short:  The  amount  of 
metal  in  the  ladle  is  misjudged  with 
the  result  that  the  mold  is  not  com- 
pletely filled. 

Blow  holes  come  from  gases  be- 
coming pocketed  in  the  metal  instead 
p^ig.  31.   Pressure  of  Liquids.        of  •:)assing  off  through  the  sand.    This 
is  due  to  hard  ramming,  wet  sand,  etc. 

Cold  Shuts  form  when  two  streams  of  metal  chill  so  much  before 
thev  meet,  that  their  surfaces  will  not  fu.se  when  forced  against  each 

other;  see  Fig.  32. 

Sand  Holes  come  from  loose  sand  or  excess  of  facing  washing  into 
the  mold  cavity  when  pouring.     They  are  usually     ^_^^„„.^^^ 
bedded  in  the  cope  side  of  casting.  J^" '.  , ,  ^^  ,„ 

^  ,,  ...  Fig.  32.    Cold  Shuts. 

Scabs  show  like  small  warts  or  projections  on 
the  surface  of  the  casting.     They  result  from   small   patches  of  the 
mold  face  washing  off.     They  may  be  caused  from  too  much  slicking, 
which  draws  the  moisture  to  the  surface  of  the  mold,  making  the  skin 
flake  under  the  drying  effect  of  the  incoming  metal. 

Swells  are  bulged  places  on  a  casting  due  to  soft  ramming.  This 
saves  the  walls  of  the  mold  too  soft  to.  withstand  the  pressure  of  the 

Iquid  metal. 

Shrinkage  Cracks  are  due  to  unetjual  cooling  in  the  casting. 
They  are  sometimes  caused  by  the  mold  being  so  firm  that  it  resists 
the  natural  shrinkage  of  the  iron,  causing  the  metal  to  pull  apart  when 

only  partially  cold. 

Warping  occurs  when  these  strains  cause  the  casting  to  bend  or 
twist,  V)ut  are  not  sufficient  to  actually  crack  the  metal.  i 

TYPICAL  MOLDING  PROBLEMS 

When  starting  to  ram  up  a  flask  see  that  the  sands  to  be  used  are  | 


182 


FOUNDRY  WORK  29 

well  cut  through  and  properly  tempered.     Select  a  flask  large  enough 

to  hold  the  pattern  and  have  at  least  2  inches  clear  of  the  flask  all 

around  for  bench  work,  and  4  to  S  inches  on  floor  molds,  depending 

i  upon  the  weight  of  the  work  to  t)e  cast.     See  that  the  flask  is  strong 

!  enough  to  carry  the  sand  without  racking  and  that  the  pins  fit.     Have 

j  the  necessary  tools  at  hand,  such  as  sieve,  rammer,  slicks,  etc. 

Examine  the  pattern  to  be  molded  to  see  how  it  is  drafted  and  note 
'  especially  how  the  parting  line  runs.  That  part  of  the  mold  forming 
'  the  surface  between  the  parts  of  the  flask  is  called  the  joint  and  where 
i  it  touches  the  pattern  this  joint  must  be  made  to  correspond  witr.  the 
I  parting  line. 

The  joint  of  a  mold  will  be  a  plane  ov  flat  surface,  or  it  will  be  an 
irregular  one.  \Vhen  the  joint  is  a  flat  surface  it  is  formed  entirely 
by  the  mold  board  except  with  work  bedded  in  the  floor;  there  it  is 
struck  off  level  with  a  straight  edge.  When  it  is  irregular  the  drag 
joint  must  be  "coped  out"  for  every  mold  needed;  that  is,  shaped  free 
hand  by  the  molder  l)efore  making  up  the  cope;  or  the  shape  of  the 
\cope  joint  is  built  up  firftt  in  a  "match"  frame  with  the  cope  part  of  the 
[pattern  bedded  into  it.  I  pon  this  form  the  drag  may  be  packed 
repeatedly,  receiving  each  time  the  desired  joint  surface  without  fur- 
ther work  on  the  molder's  part. 

Our  first  problems  in  molding  will  illustrate  these  three  methods 
of  making  the  joint. 

It  is  aimed  to  give  the  directions  for  making  up  molds  in  as  concise 
a  fonn  as  possible.  The  student  should  refer  frequently  to  the  pre- 
ceding sections  and  familiarize  himself  with  the  reasons  underlving 
leach  operation. 

To  make  a  mold  having  a  flat  joint.  In  the  small  face  plate  shown 
in  Fig.  33,  all  of  the  parting  line  a  a  a  will  touch 
the  mold  board,  so  the  joint  will  be  flat.  The 
Iraft  is  all  in  one  direction  from  the  cope  side  c, 
therefore  all  of  the  pattern  will  be  in  the  drag. 
I'se  a  snap  flask  for  this  piece. 

Place  a  smooth  mold  board  upon  the  bench 

,_  1         1     .  T^i  ,  .,,  ,  ,  Fig.  33.    Face  Plate 

)r  brackets,     rlace  drag  with  sockets  down  upon 
his.     Set  pattern  a  little  to  one  side  of  the  center  to  allow  for  run- 
iier.      Sift  sand  over  this  about  1 A  inches  deep.     Tuck  sand  firmly 
iround  the  pattern  and  edges  of  flask  as  indicated  by  arrows,  Fig.  34, 
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usin<r  fincrers  oi  Iwth  hands  and  being  careful  not  to  shift  sand  away 
from  pattern  at  one  point  wher.  tucking  at  another. 

Fill  the  drag  level  fnll  with  well  cut  sand.  With  the  peen  end  of 
the  rammer  slanted  in  the  direction  of  the  blows  ram  first  around  the 
sides  of  the  flask  to  ensure  the  san<l  hanging  in  well,  see  Fig.  35,  1-2. 
Next  carefully  direct  the  rammer  around  the  pattern,  3-4-5.  Do  nm, 
strike  closer  than  1  inch  to  the  pattern  with  the  end  of  the  rammer. 

Shifting  the  ranuner  to  a  vertical  position,  ram  back  and  forth 
across  the  Hask  in  both  directions,  being  especially  careful  not  to  .strike 

Wirh  Fingers      • 


Fig.  34.    Making  a  Mold. 


Making  a  Mold. 


the  pattern  nor  to  ram  too  hard  immediately  over  it.  The  .student 
must  judge  bv  feeling  when  this  course  is  properly  rammed.  Now 
fill  drag  heaping  full  of  sand.  U.se  the  butt  end  of  rammer  around 
edges  of  flask  first,  then  work  in  toward  the  middle  until  the  .sand  is 
packed  smooth  over  the  top.  With  a  straight-edge  strike  ofl'  surplus 
sand  to  a  level  with  the  bottom  of  fla.sk.  Take  a  handful  of  sand  and 
throw  an  even  layer  about  \  inch  deep  over  bottom  of  mold.  On  to 
this  loose  sand  pre.ss  the  l)ottom  board,  rubbing  it  slighdy  back  and 
forth  to  make  it  set  w^ell.  With  a  hand  at  each  end,  grip  the  board 
firmly  to  the  drag  and  roll  it  over.  Remove  the  mold  board  and  slick 
over  the  joint  surface  with  the  trowel.  Dust  parting  sand  over  this 
joint  (burnt  core  sand  is  good  on  this  work),  but  blow  it  carefully  off  of 
the  exposed  part  of  the  pattern.  Set  the  wooden  runner  or  gate  plug 
about  2  inches  from  the  pattern,  as  shown  in  Fig.  23. 

In  .snap  work  the  runner  should  come  as  near  the  middle  as  po.s- 
sible,  to  lessen  the  danger  of  breaking  the  sides,  and  to  allow  the  weight 
to  be  placed  square  on  to))  of  the  mold. 

Set  the  cope  on  the  drag  and   sec  that   the  hinges  come  nt  the 

same  corner. 

Sift  on  a  layer  of  sand  about  1  \  inches  deep.  Tuck  firmly  with 
the  fingers  about  the  lower  end  of  the  runner  and  around  the  edges  of 
the  flask.  Fill  the  cope  and  proceed  with  the  ramming  the  same  a.s 
for  the  drag. 
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Strike  off  tlie  .sur[)liis  sand,  swinging  the  striking  stick  around  the 
I  miner  so  as  to  leave  a  fair  Hat  surface  of  sand.  Drive  the  vent  wire 
into  the  cope  sand,  making  it  strike  the  pattern  a  dozen  times  or  more. 
Partially  shape  a  pouring  basin,  illustrated  in  Fig.  23,  with  a  gate 
cutter,  before  removing  the  runner.  Draw  the  runner  and  finish  the 
basin  with  a  gate  cutter  and  smooth  it  up  with  the  fingers  .Moisten 
the  edges  with  a  swab  and  blow  it  out  clean  with  the  bellows. 

Lift  the  cope  and  repair  any  imperfections  on  the  mold  surface 
with  trowel  or  slicks.  See  that  the  sand  is  firm  around  the  lower  end 
of  the  runner.  Blow  through  the  runner  and  all  over  the  jomt  to 
remove  all  loose  parting  sand.  Slick  over  the  sand  which  will  form 
the  top  surface  of  the  gate,  between  the  ruiuier  and  the  mold. 

Having  finished  the  cope,  moisten  the  sand  al)out  the  edges  of  the 
|)attern  with  a  swab.  Drive  a  draw  spike  into  the  center  of  the  pattern 
and  with  a  mallet  or  light  iron  rod,  rap  the  draw  spike  slightly  front  and 
back  and  crosswise.  Continuing  a  gentle  tapping  of  the  spike,  pull 
the  pattern  from  the  sand.     If  any  slight  break  occurs,  repair  it  with 


Fig.  36.    Use  Of  Iron  Band.  Fig.  37.    Weight  in  Position. 

bench  lifter  or  other  convenient  slick.  Cut  the  gate  and  smooth  it  down 
gently  with  the  finger;  blow  the  mold  out  clean  with  bellows.  Dust 
on  graphite  facing  if  castings  are  to  be  cleaned  in  rattler.  Xo  facing  is 
needed  if  then-  are  to  be  picketed.  The  mold  .should  now  be  closed 
and  the  snap  flask  removed. 

There  are  two  methods  used  to  strengthen  these  molds  again.st 
the  casting  pressure.  One  is  to  use  an  iron  band  which  will  just  slip 
inside  of  the  flask  before  the  mold  is  packed.  See  Fig.  36.  The  other 
IS  to  slide  a  wooden  "slip  case"  over  the  mold  after  the  .snap  flask  is 
removed.  See  Fig.  37.  Iii  either  case  the  weight,  shown  in  position  in 
Fig.  37,  should  not  be  placed  on  the  mold  until  pouring  time,  lest  by 
its  continued  pressure  it  might  cru.sh  the  .sand. 
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A  mold  requiring  to  be  coped  out.  The  second  type  of  joint  surface 
mentioned  above  is  illustrate.l  hy  the  method  of  molding  the  tail  stock 
clamp  shown  in  Fig.  38.     This  is  a  solid  i)attern  and  rests  firmly  upon 

the  mold  l)oar(l  on  the  ed^es  a  a,  but 
the  parting  line  h  h  h  runs  below 
these  edges.  The  bulk  of  the  pat- 
tern drafts  dcnvn  from  this  line,  so 
will  l)e  molded  in  the  drag  while  all 
above  it  will  be  shaped  in  the  cope. 
To  mold  the  piece,  set  the  pattern  on  the  mold  board  planning  t(j 
gate  into  one  end.  Ram  the  drag  and  roll  it  over  as  descril)ed  in  the 
list  example.     With  the  l)lade  of  the  trowel  tnrnec  1  up  edgewise,  scrape 


Fig.  38.    Tail  Stock  Joint. 


Fig.  39.    Coped  ont  Molrt. 

away  the  sand  to  the  depth  of  the  parting  line,  bringing  the  bevel  up  to 
the  main  level  of  the  joint,  about  2^  inches  from  the  pattern,  as  .shown 
at  Fig.  39.  Slick  this  surface  .smooth  with  the  finishing  trowel  or  leaf 
and  spoon.  This  process  is  called  coping  out.  Dust  parting  sand 
on  the  joint  thus  made.  Be  careful  not  to 
get  too  much  at  the  bottom  of  the  coping 

next  the    pattern.     Pack  cope,  then   lift 

same,  and  fini.sh  mold  as  directed. 

In  coping  out,  the  molder  practically 

.shapes  draft  on   the  sand   of   the  drag. 
Aim    to   have    the   lower  edge    of   the 

copino-  parallel  with  main  joint  for  a  .short 

^      ^  ^  •        '         1       11  X  Ficr.  JO.    Angle  of  Joint. 

distance,  and  then  .spring  gradually  up  to 

it  at  about  the  angle  shown  in  the  section,  Fig.  40,  at  c,  as  this  is  the 

strongest  shape  for  the  sand. 

If  made  with  an  abrupt  angle  as  in  d,  the  cope  sand  will  tend  to 
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wetljre  into  tlie  cut  with  the  danger  of  a  "drop"  or  break  wlien  the  cope 
is  lifted. 

In  manv  cases,  more  especially  in  floor  work,  an  abrupt  coping 
angle  niav  be  avoided  as  follows:     Set  wooden  strips,  whose  thickness 


tev -.yr\A  I " 


F\<z.  41.    Molding  a  Hand  Wheel. 

is  equal  to  the  depth  of  the  desired  coping,  under  the  edges  of  the  drag 
when  ramming  up  the  pattern.  (I'se,  for  example,  tlie  hand  wheel 
shown  in  Pattern  ^Making,  page  58).  When  the  drag  is  rolled  over 
the  sand  will  be  level  with  the  top  of  strips  and  pattern  at  a  a,  Fig.  41. 
Remove  the  strips  and  strike  surplus  sand 
off  lev?l  with  edges  of  drag,  b  h,  and  slick 
off  the  joint.  Proceed  with  the  cope  in  the 
usual  manner.  In  gating  this  pattern,  and 
wheels  generally,  place  a  small  runner  di- 
rectly on  the  hub. 

Using  a  sand  match.   The  solid  bush- 
ing, Fig.  42,  will  .serve  to  illustrate   the  use  of  a  sand   match.     For 
exercise  work  u.se  only  one  pattern. 

In  practice,  however,  .several  small  patterns  are  bedded  into  the 
same  match.     It  is  clear  that  in  this  pattern  the  parting  line  runs  along 


Fig.  42.    Solid  Bushing. 


Fig.  43.    Use  of  Sand  Match. 

the  center  of  the  cvlinder,  and  to  make  a  .safe  lift  for  the  cope  it  should 
follow  around  the  circumference  of  the  ends  from  (<  to  c,  a.:  .shown  l)y 
the  heavy  lines. 
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The  frame  for  the  match  is  shallow,  and  of  the  same  size  as  the 
snap  flask  with  which  it  is  used.  It  is  provi.lcl  with  sockets  to  engacre 
the  pins  of  the  flask.  The  bottom  board  is  fastened  on  with  screws. 
Fill  the  match  with  sifted  sand  rammed  hard.  Strike  oft  a  flat 
ioint  and  bed  in  the  pattern.  Cope  out  the  ends  to  the  lower  edge  of 
the  pattern,  as  shown  in  Fig.  43,  flaring  it  well  in  order  to  make  a  good 
lift.  Slick  the  whole  surface  over  smooth.  Rap  and  lift  the  pattern 
to  test  the  correctness  of  the  work. 

Replace  the  pattern.  Dust  on  parting  san<l  and  ram  drag,  tuck- 
ino-  carefully  in  the  pocket  at  each  end.  Roll  the  two  over.  Lift  off 
the  match,  an.i  set  it  to  one  side.  The  pattern  will  remain  in  the  clrag. 
Dust  on  parting  san.l.  Set  the  runner  and  ram  cope  as  clescribed. 
When  the  mold  is  opened  and  the  pattern  drawn,  it  should  be  set  back 
immediately  into  the  match,  ready  for  use  again. 

On  account  of  economv  of  construction  in  the  pattern  shop,  ir- 
re^nilar  shaped  work  is  often  made  in  one  piece.  The  molder  must 
then  decide  whether  it  is  cheaper  to  cope  out  each  joint  or  make  up  a 
sand  matc-h.  Where  the  number  of  castings  required  is  small,  or 
where  the  pattern  is  large,  it  is  better  to  cope  out.  But  where  a 
number  of  castings  is  rc<iuirc.l  it  is  cheaper  to  make  up  a  sand  match. 
For  methods  of  making  quantities  of  castings  and  use  of  a  more 
permanent  match,  see  section  on  Duplicating  Castings. 

In  the  foregoing  the  main  use  of  the  match  was  to  save  time.  1 
frequentlv  happens  that  a  pattern  is  so  irregular  in  shape  that  it  will, 
not  lie  flat  on  the  board  in  any  position.  In  this  case  a  match  is  abso- 
Intelv  necessarv  before  the  drag  can  (,e  packed.  For  large  pattern.^ 
of  this  kind,  the  cope  box  of  the  flask  is  used  to  bc<l  the  pattern  intr 
instead  of  a  separate  frame.  After  the  drag  has  been  packed  upon  it 
this  first  cope  is  dumped,  and  the  box  repacked  with  the  necessary 
gaggers,  vents,  runners,  etc.,  required  for  casting.  The  first  cope  . 
then  termed,  not  a  match,  but  a  false  cope. 

For  very  light  wooden  patterns  which  may  or  may  not  have  ir 
regular  parting  lines,  the  pattern  maker  builds  up  wooden  forms  t, 
support  the  thin  wood  while  the  drag  is  being  packed  and  to  give  th, 
proper  ioint  surface  to  the  sand.  This  board  serves  exactly  the  sajn-; 
purpose  as  the  sand  match  and  false  cope,  but  it  is  termed  a  follow 
board.     See  Pattern  :\Iaking,  page  137.  .        ,    x     fl. 

So  far  the  patterns  used  have  been  made  in  one  piece,  but  a  Hf 
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joint  is  the  most  economical  for  the  molder,  when  many  castings  are 
required.  Cxenerally  such  pieces  as  l)ushinf^s,  pipe  connections  and 
symmetrical  machine  parts  are  made  in  halves;  one  piece  of  the  pattern 
remaining  in  each  part  of  the  flask  when  the  mold  is  separated.  There 
are  many  cases,  too,  where,  to  make  a  flat  joint  for  the  mold,  the  pat- 
tern maker  can  separate  one  or  more  projections  so  as  to  have  the 
main  part  of  the  pattern  in  the  drag  and  let  these  loose  parts  lift  oft'  in 
the  cope. 

The  small  punch  frame  and  the  gas  engine  piston,  shown  in  Fig. 
44,  are  examples  of  these  two  classes  of  patterns.  At  A,  the  section 
through  the  patterns  shows  the  methods  of  matching  them  together. 


?rn  on  mo/c/  hoarc/ 

Fig.  44.    SpUt  and  Loose-Piece  Patterns. 

B  .shows  the  drag  parts  of  the  patterns  in  position  for  molding.  At 
C  is  the  .section  through  the  mold  and  the  plan  of  the  drag  showing 
how  the  gates  are  connected.  Attention  is  directed  to  the  use  of  the 
)ioTn  sprue — the  sprue  pattern  is  .sho^^^l  at  a — by  which  the  metal 
enters  the  mold  at  the  bottom.  If  the  gate  were  cut  at  the  joint  surface 
there  would  be  danger  of  "cutting  the  sand"  on  top  of  the  green  sand 
core  h  as  the  metal  flowed  in  upon  it. 

Some  work  has  projections  on  it  which  lie  above  oi  below  the 
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parting  line  in  such  a  way  that  it  cannot  be  molded  by  either  of  the 
foregoing  methods. 

Examining  the  patterns  for  some  of  this  work  we  find  two  entire 
parting  lines  with  the  pattern  made  to  separate  lietween  the  two. 
Such  patterns  require  between  the  drag  and  cope  an  intermediate 
body  of  sand,  from  the  top  and  bottom  of  which  the  two  parts  of  the 
pattern  may  be  drawn. 

In  small  w^ork,  as  illustrated  by  the  groove  pulley,  this  inter- 
mediate form  is  held  in  place  by  the  sand  joint  of  the  cope  and  drag, 
and  is  termed  a  green  sand  core.     A  good  description  of  the  method  of 


Fig.  45.    Section  of  Mold. 

molding  such  a  piece  is  given  in  Pattern  Making  Part  I,  page  GO.  To 
provide  for  pouring  the  casting  a  runner  should  be  placed  on  the  hub 
of  the  first  part  packed,  C.  Fig.  4.j  shows  a  .section  of  the  mold  before 
either  part  of  the  pattern  has  been  removed.  Now,  when  the  flask  is 
rolled  over  to  remove  the  final  part  C  of  th?  pattern,  tlie  runner  is  on 
top  ready  for  pouring. 

Another  method  used  does  away  with  rolling  the  entire  flask.     A 

core  lifting  ring  is  first  cast  slightly  larger 

in  diameter  than  the  flange  of  the  sheave, 

and  having  a  section  shown  in  a,  Fig.  40. 

The  ring  is  set  in  position  in  the  middle 

of  the  inverted  drag,  the  pattern  is  held 

central  inside  of  the  ring  by  the  recess  in 

the  mold  board.     Pack  the  drag,  roll  over, 

and  remove  the  mold  board.     Tuck  the 

green  core  all  around  and  slick  off  the  top  joint  of  the  core.     Pack  the 

cope  in  the  usual  way,  lift  it  off,  and  draw  the  cope  pattern.    Now,  by 

means  of  lugs  cast  on  this  lifting  ring,  the  green  core  may  be  liftefl  of! 


Fig.  46. 
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of  the  drag  pattern,  allowing  it  to  be  removed.     Replace  the  ring, 

dose  the  cf)pe,  and  the  mold  is  complete.     See  half-section,  Fig.  47. 

In  larger  work,  where  the  parting  planes  are  farther  apart,  this 


Fig.  47 


Fig.  48. 


intermediate  body  of  sand  is  carried  in  a  "cheek"  part  to  the  flask, 
and  we  speak  of  it  as  three-part  work. 

Fig,  48  shows  a  casting  for  a  10-inch  nozzle,  the  mold  for  which 
illnstrates  this  class  of  work.  Here  the  pattern  is  separated  just  above 
the  fillet  of  the  curved  flange. 
Fig.  49  gives  a  view  of  the 
mold,  showing  the  way  the 
joint  is  formed. 

This  casting  should  be 
made  on  the  floor.  Select 
a  square  flask  4  inches  on  a 
side,  larger  than  the  diame- 
ter of  the  flanges.  The 
cheek  should  be  as  high  as 
that  part  of  the  pattern 
which  is  molded  in  it. 
There  should  be  two  pro- 
jecting bars  on  opposite  sides 
of  the  cheek  to  support  the 
sand,  and  crossbars  in  both  drag  and  cope.  These  should  be  well  wet 
with  clay  wash  before  using  the  bo.xes. 

Set  the  pattern  centrally  inside  the  cheek,  and  place  a  runner 
stick  just  the  height  of  the  pattern  in  one  corner  of  this  box. 

On  account  of  the  depth  of  the  cheek  the  sand  must  be  rammed 


Fig.  49.    Casting  a  Nozzle. 
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Fig.  50. 


in  two  courses.  Sift  enough  facing  sand  into  the  box  to  cover  the 
joint  and  5  inches  up  around  the  pattern  to  a  depth  of  about  1^  inches, 
tucking  about  the  pattern  with  the  fingers.  P'ill  in  about  5  inches  of 
loo.se  sand  and  before  ramming  tuck  aroimd  the  ends  of  the  side  bars, 
compressing  tlie  sand  between  the  fingei  tips,  having  a  hand  on  each 
side  of  the  ])ar,  as  ilhistratcd  in  Fig.  50.  Now  use  the  peen  end  of  the 
floor  rammer  in  the  same  general  way  as  the  liand  rannner  is  used  in 
bench  mokhng.  (ruide  the  rammer  around  the 
sides  of  flask  and  bars  first,  then  direct  it  to- 
ward the  ])ottom  edges  of  pattern.  As  the 
sand  gra(hudly  feels  properly  packed  at  this 
level,  direct  the  blows  higher  and  higher  up. 
Proceed  in  this  way  to  within  about  1  inch  of 
the  drag  joint.  ]\Iake  this  joint  by  ramming 
in  sifted  facing  sand,  being  careful  to  tuck  it 
firmly  underneath  the  flange.  Cope  this  joint 
to  the  shape  of  the  curved  flange. 
Dust  on  parting  sand.  Place  the  drag  in  position  and  ram  it  uj) 
in  tlie  usual  way,  only  using  facing  sand  next  the  joint  and  pattern. 
Place  six  long  gaggers  to  strengthen  the  sand  which  forms  the  inside 
of  the  casting.  Clamp  drag  to  cheek  and  roll  them  o\er  Test,  re- 
pair and  sand  the  joint.  Try  the 
cope.  The  bars  should  clear  the 
pattern  and  joint  l)y  about  1  inch. 
Set  the  ct)pe  runner  about  2  inches 
to  one  side  of  the  cheek  runner  and 
set  the  riser  in  the  corner  opposite. 
Sift  on  facing  sand  and  tuck  wvW 
with  the  fingers  under  the  crossbars. 
vShovel  in  Avell-cut  sand  and  finish 
packing  the  cope.  Form  a  pouring 
basin,  and  vent  well.  I^ift  the  cope. 
Draw  the  pattern  from  the  cheek. 
Join  the  runners  on  the  cope  joint 
and  connect  the  mold  with  the  riser. 
Ivift  the  cheek  and  repair  it.  Draw  the  drag  pattern.  All  of  the  ' 
mold  surfaces  should  have  black  lead  facing  brushed  over  them 
with  a  camel's  hair  brush,  and  this  facing  slicked  over  with  convenient 
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tools.     Cut  a  gate  on  the  drag  joint.     CUjse  the  cheek  on  the  drag 
Close  the  cope  on  the  cheek  and  the  mold  is  ready  for  clamping. 

It  often  happens  tliat  bosses  or  projections  are  re(iuired  on  a 
casting  at  riglit  angles  to  the  main  draft  lines  of  the  pattern  and  below 
the  joint  surface.     Examples  of  such  cases  are  shown  in  Pattern  Mak- 


Iron  Rods- 


Fig.  52.    Casting  a  Flask  Section. 

ing,  pages  61-116.  In  molding  .such  work,  care  mu.st  be  taken  that  the 
overhanging  portion  of  sand  shall  l^e  strong  enough  to  support  itself. 
\\Tiere  the  projection  is  deep,  the  mold  should  be  strengthened  by 
nails  or  rods  as  shown  in  Yi^.  51.  These  should  be  wet  with  clav  wash 
and  set  into  the  sand,  when  the  mold  is  rammed. 

Owing  to  the  development  of  the  electric  crane,  much  large  work 
is  now  rannned  in  iron  flasks  and  rolled  over,  wiiich  was  formerly  al- 
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These  P/'eces  Loose 


Fig. '53.     Bediled-in  Work. 


ways  bedded  in  the  floor.     Thi.s  method  is  still  much  used  in  jobbing 
shops  to  avoid  making  a  complete  large  fla.sk. 

The  mold  shown  in  Fig.  52  will  illustrate  the  principal  operations 
involved.  The  casting  is  a  flask  section  ^or  a  special  steel  ingot  mold, 
and  in  design  is  simply  a  heavy  plate  braced  on  one  side  by  flange^ 
and  ribs  of  equal  thickness. 

For  convenience  in  ramming  between  the  flanges,  portions  of  the 
top  plate  of  the  pattern  are  left  loose.     See  Fig.  53. 

Dig  the  pit  for  the  mold  10  inches  larger  on  each  side  than  the 

pattern,  Lid  about  6 
inches  deeper.  Having 
screened  some  hard  cin- 
ders through  a  No.  2 
riddle,  cover  the  bottom 
of  the  })it  with  them  to  a 
depth  of  3  inches.  Ram 
these  over  with  a  butt 
rammer,  and  at  one  end  set  a  piece  of  large  gas  pipe  Put  a  piece  of 
waste  in  the  top  of  this  to  prevent  its  getting  choked  with  sand.  Ram 
a  3-inch  course  of  sand  over  the  cinder  bed  and  strike  it  off  level  at  the 
depth  of  the  pattern  from  the  floor  line.  Sift  facing  sand  over  this 
where  the  pattern  will  rest.  Set  the  pattern,  and  with  a  sledge,  seat 
it  on  this  bed  until  it  rests  level.  Remove  the  pattern  and  with  the 
fingers  test  the  firmness  of  packing  all  over  its  impression. 

Vent  these  faces  through  to  the  cinder  bed,  and  cover  the  vent 
holes  with  a  ^-inch  cour.se  of  fa- 
cing sand.  Now  replace  the  pat- 
tern, and  bed  it  home  by  a  few 
more  blows  of  the  sledge.  The 
top  of  the  pattern  should  now  be 
level  and  flush  with  the  floor  line. 
Seat  the  runner  sticks,  and  to 
prevent  the  sand  on  the  bottom 
of  the  runners  from  cutting,  drive  ,     ^     -    .     .    .-  .  ^ ,  -..^;.i^.-;:^ 

10-penny  nails  about  f  inch  apart 
into  this  surface  until  the  heads  ^^'  '    ' 

are  flush.     Ram  the  outside  of  the  mold  the  same  as  if  in  a  flask,  and 
strike  a  joint  on  top.     Ram  green  sand  between  the  inside  webs  of  pat- 
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tern,  and  strike  ofi"  ut  the  proper  heij^ht  with  a  short  stick  a,  Fig.  54. 
Drive  long  rods  3  inches  apart  into  these  piers  to  pass  through  to  soHd 
sand  below  the  cinder  bed. 

Vent  all  around  the  pattern,  outside  and  inside,  through  to  the  cin- 
der bed.  On  top  of  the  inside  [)iers  cover  tliese  vent  holes  with  facing 
sand,  ram  and  slick  to  finish;  then  cover  with  the  loose  pieces  of  the 
pattern. 

Try  the  ct)pe  ano  stake  it  in  place;  set  the  risers  ano  vent  the  plugs. 
Ram  the  cope,  slicking  off  level  for  about  2  inches  around  the  top  of 
tlie  risers,  to  receive  a  small  iron  cover. 

Lift  the  cope,  repair,  and  face  with  graphite.  Draw  the  pattern 
with  the  crane  and  finish  the  mold.  Connect  the  outer  vent  holes  ])y  a 
channel  with  the  vent  plug.  From  the  end  of  each  core  print  aaaa 
vent  through  to  the  cinder  bed  and  set  cores.  Close  the  cope.  Set  the 
runner  box  against  the  side  of  the  cope  and  build  a  pouring  basin  with 
its  bottom  level  with  the  top  of  the  risers. 

In  weighting,  great  care  must  be  exercised  not  to  strain  the  cope. 


Fig.  65. 


Leveliug  a  IJed  for  Ojjeu  Sand  Work. 

Place  blocking  upon  the  top  ends  of  cope.  Across  these  lay  iron  beams 
which  will  be  stilt  enough  to  support  the  load,  and  pile  weights  on 
these.  Now  wedge  under  the  beams  to  the  crossbars  of  the  cope  at 
necessary  points. 
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There  is  a  large  elass  of  foiiiidrv  riggings  sucli  as  loain  })lates, 
crossbars  and  sides  to  iron  flasks,  Avliicli  may  be  cast  in  open  molcK 
As  there  is  no  "head  of  metal"  the  beds  must  be  rammed  only  hard 
enough  to  support  the  actual  weight  of  the  metal,  or  it  will  "boil." 
To  insure  uniform  thickness  in  the  casting,  the  bed  must  be  absolutely 
level. 

Drive  four  stakes,  a  a  a  a,  and  rest  the  guide  boards  A  A  on  the 
top  of  these,  as  shown  in  Fig.  bo.  Ry  using  a  spirit  level  h  b,  make 
these  level  and  bring  them  to  the  same  height  by  testing  with  the 
straight  edge  R. 

The  space  l)etween  the  guide  boards  A  A  should  Ije  filletl  with 
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FIk-  5fi.     Open  S;ind  Mold. 

well-cut  siuid  even  with  their  tops  (/  (/.  ^ift  sand  over  the  entire  sur- 
face. Strike  this  sand  ofl^  'I  inch  higher  tlian  the  guides,  by  placing 
a  gagger  vmder  each  end  of  the  straight  edge,  as  it  is  drawn  over  them. 
Tamp  this  extra  sand  to  a  level  with  the  guides  by  rapping  it  down 
with  the  edge  of  the  cross  straight  ^i\^t\  and  the  bed  will  be  as  shown 
in  Fig.  50.  AVe  can  now  proceed  to  build  uj)  to  a  segment  of  pattern, 
or  with  a  sledge  drive  a  pattern  into  this  surface. 

The  pouring  basin  should  drain  itself  at  the  level  of  the  top  of 
mold,  and  an  ovei-flow  nuiy  be  cut  on  one  edge  to  drain  the  casting  to 
any  desired  thickness. 

CORE  MAKING 

Reference  has  been  made  in  the  first  ])art  of  tin's  book  to  the 
general    difl'erence    between   core  making    and    green   sand    work. 
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This,  and  the  section  on  sands,  the  leader  should  review  carefully. 

Here,  as  in  green  sand  molding,  the  principal  material  used  is  a 
refractory  sand.  In  molding  .sand,  however,  the  alumina  or  clay  forms 
a  natural  bond  in  the  sand.  To  meet  the  necessary  requirements  of 
cores  we  must  use  a  naturally  free  sand  as  a  base,  and  give  it  bond  by 
adding  sonic  form  of  organic  matter  as  a  binder  and  then  bake  the  core. 

The  most  connn(Mi  binders  are  as  follows: 

Flour :  Ordinary  wheat  flour  is  an  almost  universal  material  for 
this  purpose.  Every'  one  is  familiar  with  the  action  of  this  material 
when  moistened  and  l)aked. 

Rosin  is  a  hard  vegetable  gum — a  by-product  of  the  manufacture 
of  turpentine.  For  use  as  a  core  binder  it  should  be  reduced  to  a 
powder.  It  melts  under  the  heat  of  the  oven  and  flows  between  the 
grains  of  sand  and  upon  cooling  binds  them  firmly  together. 

Linseed  Oil  is  made  from  flax  seed.  It  acts  in  a  way  similar  to 
rosin;  a  small  proportion  of  oil  together  with  some  flour  makes  a  veiy 
strong  core. 

Glue,  obtained  from  animal  hoi>fs,  and  from  fish  stock,  is  also 
usetl  to  .some  extent  as  a  core  ))inder.  It  should  l>e  dissolved  in  water 
before  mixing  with  the  sand. 

A  weak  molasifes  water  is  used  for  tempering  the  .sand  for  small 
cores,  and  clay  wash  .serves  the  same  purpo.se  on  the  larger  work. 

There  are  many  patent  cond)inations  of  the  above  or  similai- 
materials  put  on  the  market  as  core  compounds.  There  are  two 
cla.s.ses  of  the.se:  dry  and  licpiid  compounds.  The  advantages  claimed 
for  them  is  that  they  are  more  economical,  (1)  becau.se  a  smaller  pro- 
portion of  the  c(mipounds  is  sufficient  to  obtain  the  desired  results ;- 
(2)  because  a  large  proportion  of  the  sand  may  be  used  over  and  over 
again. 

Other  necessary  core  room  sup})lies  are: 

Annealed  Iron  Wire,  No.  (»  to  Xo.  Ki,  and  round  bar  iron  in  sizes 
of  \  inch,  §  inch,  A  inch,  ^  inch,  j  inch.  This  material  is  cut  to  leng-th 
as  needed,  and  bedded  in  the  core  sand  to  strengthen  the  core,  as  will 
be  demonstrated  later. 

A  supply  of  clean  ritidcrs  nuist  be  available  for  venting  large'- 
cores.  Small  wax  tapers  make  good  vents  for  crooked  cores.  There 
is  also  a  patented  wax  vent  for  sale  on  the  market. 

As  before  statc(l,  cliarco;d  with  some  graphite  is  the  principal 
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jaciiKj  material  used  on  cores.     It  is  always  applied  in  licjuiil  form  hv 
dipping  the  core  or  by  using  a  flat  brush  having  extra  long  bristles. 

The  general  tools  of  the  core  room  are  similar  to  those  alread\ 
mentioned.     A  piece  of  iron  rod  very  often  replaces  the  regular  ram- 
mer on  account  of  the  small  size 
of  the  opening  into  which  sand 
nuist  be  packed. 

The  trowel  is  the  most  com- 


Fig.  57.    Spraying  Can. 


Fig.  58. 


men  slick,  because  most  of  the  surfaces  which  recpiire  slicking  are 
flat  ones  formed  by  "striking  off"  after  packing  the  box.  Except  in 
the  largest  work  the  entire  face  of  the  core  is  not  slicked  over,  so  a 
variety  of  small  slicks  is  not  needed  o 

A  spr  ay  i  ng  can, 
shown  in  Fig.  57,  is  used 
for  spraying  molasses 
water  over  small  cores. 
Fill  the  can  two-thirds 
full  and  blow  into  the 
mouthpiece. 

Small  cores  arc 
made  up  on  a  flat  bench, 
the  sand  being  in  a  small 
pile  at  the  back.  Larger 
boxes  are  rammed  uj) 
on  horses  or  on  the 
floor,  as  is  most  conven- 
ient. 

After    being    made 
up,   cores  are  baked  on 
core  plates.  The  smaller 
Fig,  59.   Small  Core  Oven.  plates  are  cast  perfectly 

flat.  Plates  over  18  inches  long  are  strengthened  by  ribs  cast  about 
1  inch  from  the  edge.     See  Fig.  58.    This  keeps  the  plate  from 
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warping  and  admits  of  its  being  picked  up  readily  from  a  flat  bench 
top  or  shelf. 

Ovens  are  built  with  reference  to  the  size  of  the  cores  to  be  baked. 
A  good  type  of  small  oven  is  illustratefl  in  Fig.  50.  It  can  be  nm  very 
economically  with  either  coal  or  coke,  and  will  bake  cores  up  to  2 


Fig.  60.    Core  Oven  for  Large  Work. 

inches  in  diameter  inside  of  half  an  hour.  Each  shelf  is  fastened  to 
its  own  door  and  when  open,  for  receiving  or  removing  cores,  a  door 
at  the  back  of  the  .shelf  closes  the  opening.  This  prevents  a  waste  of 
heat. 

Fig.  60  shows  the  section  through  an  oven  suitable  for  the  largest 
work,  includinof  drs'  sand  and  loam  molds.  The  fire  box  A  is  situated 
in  one  corner  at  the  back;  its  whole  top  opens  into  the  oven.     At  the 


Fig.  61.     Cast  Iron  Car. 

floor  level  diagonally  opposite  is  the  flue  B  for  conducting  the  wa.ste 
heat  to  the  stack  C.  The  entire  front  of  the  oven  may  be  opened  by 
raising  the  sheet  steel  door.  Two  tracks  side  by  side  accommodate 
cars  upon  which  heavy  work  is  run  into  the  oven.  Fig.  61  .shows  a 
good  form  of  cast-iron  car.  The  wheels  are  designed  on  the  roller 
principle  to  make  it  easier  to  start  the  car  when  heavily  loaded. 
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For  medium  work  smaller  ovens  of  this  type  are  used.  Racks 
similar  to  the  one  shown  in  Fig.  G2  may  be  bolted  on  the  sides,  ar- 
ranged to  hold  the  ends  of  the  core  plates;  and  the  car  may  carry  a  line 
of  double  racks  to  increase  the  capacity  of  the  oven. 

As  mentioned  before,  cores  form  those  parts  of  a  mold  which  will 
be  nearly  or  entirely  surrounded  by  metal.  In  other 
words,  such  parts  as  would  be  in  danger  of  breaking 
or  require  too  much  work  to  construct  in  green  sand. 
The  object  then  in  making  cores  is  to  make  a  better 
casting  and  reduce  costs. 

Cores  are  held  in  position  by  means  of  core 
prints  (See  Pattern  ^Making,  page  5C).  The  main 
weight  of  the  core  is  supported  by  these  prints  and 
through  them  all  vent  must  be  taken  off  and  all  sand 
removed  in  cleaning.  Therefore  cores  must  be 
stronger  than  green  sand  because  whether  large  or 
snuiil,  they  must  stand  handling  while  l)eing  set  and 
must  not  cut  or  break  during  pouring.  They  require 
greater  porosity  than  green  sand  because  their  vent 
area  is  limited  and  their  composition  contains  more 
gas  forming  material.  FurtluM-niore,  cores  must  lose 
all  their  l)ond  by  the  time  the  casting  is  cold,  so  that 
the  sand  may  be  easily  removed  no  matter  how  small 
the  available  opening. 

These  conditions  are  obtained  by  using  a  coarse 
free  sand  and  a  binder.     To  give  additional  strength 
when  necessary,  iron  wire,  or  reds,  or  cast-iron  core 
arbors  are   l)edded    ir.    the   core.     These   serve   the 
same  purpose  in  a  core  that  the  Hask  does  in  green  sand  v.ork. 

The  action  of  the  Ijinder  enables  the  sand  to  retain  its  shape  when 
the  box  is  removed,  and  renders  the  coi'c  hard  and  strong  when  baked. 
In  the  mold  the  intense  heat  of  the  meial  grav-^r.aily  burns  out  the 
organic  matter  or  "binder,"  leaving  the  core  without  bond.  In  this 
condition  the  sand  may  readily  be  removed. 

^-  Too  much  binder  tends  to  make  the  core  sag  out  of  shape  before 
baking,  and  "blow"  when  metal  strikes  it,  that  is,  give  off  more  gas 
than  the  vents  can  carry  away.  With  too  little  binder  the  sand  will 
not  bake  hard,  and  will  "cut"  when  the  mold  is  poured. 


Fig.  62.     Rack. 
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Xo  universal  mixture  for  c(jre  sand  can  he  given,  as  sands  var}- 

so  much    in   different   localities.     The   following  mixtures   illustrate 

approximate  proj)ortions: 

For  small  cores: 

Boarh  sand 10 

Flour 1 

Tfmp<'r  with  rnolassfs  water. 

For  large  cores: 

Shaq")  fire  sand  S 

Strong  loamy  sand 2 

Flour U 

Temper  with  clay  wash. 

For  intricate  smaller  cores: 

Beach  sand 1-t       Beach  sand .' 15 

Fire  .sand 1  •")       Molding  .sand .5 

Rosin 2      Flour 2 

Flour 1       Oil 1 

Temper  with  molasses  water. 

Blacking  for  Light  Work.  One  cup  of  molas.se.s  to  a  pail  of 
water.  Into  this  work  powdered  charcoal  until  an  even  black  coating 
is  deposited  upon  the  finger  when  dipped  into  the  blacking  and  out 
again. 

Heavy  Blacking.  Use  about  2  parts  charcoal  and  1  graphite, 
and  mix  into  thick  clay  wa.sh. 

The  effectiveness  of  all  binders,  especially  flour,  depends  upon 
their  thorough  mixing  with  the  sand.  The  especial  value  of  rosin  and 
oil  lies  in  the  fact  that  by  melting  under  the  oven  heat  they  form  a  more 
perfect  bond  with  the  sand. 

Many  intricate  cores  are  now  made  with  an  oil  mixture,  without 
using  rods  or  wires,  which  formerly  were  considered  absolutely  neces- 
sary for  strength. 

Such  cores  must  be  well  supj^orted  when  green,  must  be  thorough- 
ly baked,  and  handled  with  much  care  until  they  are  cold. 

In  prepai-ing  cor.e  sand  the  different  ingredients  should  i)e  mea.s- 
ured  out,  thoroughly  mixed  and  while  dry,  sifted.  Temper  the 
mixture  a  little  damper  than  molding  sand.  Too  much  moisture  will 
make  the  sand  stick  to  the  box.  Not  enough. will  make  it  hard  to 
work  and  give  a  cnimbly  surface  if  dried. 

In  finishing  small  cores  they  .should  be  sprayed  with  weak  mo- 
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lasses  water  while  green,  then  well  baked  and  removed  from  the  oven. 
When  cool  enough  to  handle,  they  are  dipped  into  the  blaeking;  then 
put  back  in  the  oven  until  this  facing  has  dried.  For  large  cores  the 
blacking  is  applied  with  a  brush  before  baking. 

All  cores  should  be  baked  as  soon  as  made,  for  air-drving  causes 
the  surface  to  crumble. 

Cores  must  not  be  set  in  a  mold  while  they  are  hot,  or  the  mold 
will  "sweat,"  that  is,  beads  of  moisture  will  form  on  the  inside  faces. 
This  would  make  the  mold  "blow"  when  poured. 

A  core  should  be  rammed  evenly  and  somewhat  harder  than  a 
mold.  Too  hard  ramming  will  make  the  sand  stick  in  the  box,  be- 
sides giving  trouble  in  casting.  Too  light  ramming  makes  a  weak 
core. 

From  the  verv  nature  of  cores,  the  matter  of  venting  them  is  very 
important  and  often  calls  for  much  ingenuity  on  tlie  part  of  the  core 
maker. 

For  simple  straight  work  a  good  sized  vent  wire  is  run  through 
before  the  box  is  removed.  Half  cores  have  their  vents  cut  in  each 
half  before  pasting  together.  Cinders  are  rammed  in  the  center  of 
large  cores  connecting  through  the  prints,  with  the  mold  vents.  For 
crooked  cores,  wax  vents  are  rammed  in  the  center — the  wax  melts 
away  into  the  sand  when  the  cores  are  baked,'  leaving  smooth  even 


Fig.  63.    Short  Bolt-Hole  Cores. 

holes.     This  will  be  illustrated  in  one  of  the  following  examples. 

The  examples  here  given  will  serve  to  illustrate  the  principal 
methods  used  in  making  cores. 

The  simplest  form  of  core  is  one  which  can  be  rammed  up  and 
baked  as  made  by  simply  removing  the  box.  v'^hort  bolt-hole  cores, 
etc.,  are  made  in  this  way,  as  shown  in  Fig.  03. 

Set  the  box  on  a  flat  bench  top.  Hold  the  two  halves  together 
by  the  clamp  A.    Ram  the  hole  full  of  core  sand  by  use  of  a  small  rod. 
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Gt.    Larpre  Cvlindrieal  Cores. 


Slick  ofT  the  toj);  run  a  good  size  vent  wire  through  tlie  middle  of  the 
core.  Ueniove  the  clamp.  Set  the  box  onto  the  core  plate,  rap  the 
sides,  and  carefully  draw  them  back  from  the  core. 

Larger  cylindrical  cores,  up  to  about  I2  inches  diameter,  are 
rammed  in  a  complete  box  also,  only  rolled  out  on  their  sides.  See 
Fig.  04.  This,  however, 
tends  to  make  a  fiat  place 
on  the  side,  from  the 
weight  of  the  sand  sup- 
ported on.  this  narrow 
surface. 

For  this  reason  cylin- 
drical cores  of  large  diameter,  and  many  symmetrical  shapes,  are 
made  m  half  boxes.  See  Pattern  Making,  Figs.  Ill,  189,  194,  and 
2t)0.  Such  boxes  are  rammed  from  the  open  side.  Wires  are  bedded 
when  necessary  about  in  the  middle  of  the  half  core.  The  fingers 
and  handle  of  trowel  are  often  used  to  ram  the  sand  and  with  the  blade 
of  the  trowel  the  sand  is  struck  off  and  slicked  to  the  level  of  the  top  of 
the  box. 

^\^len  baked,  two  half  cores  are  held  with  their  flat  sides  together, 
and  any  slight  unevenness  in  the  joint  removed  by  a  gentle  rubbing 
motion.  A  vent  channel  is  then  scraped  centrally  on  each  half. 
Paste,  made  of  flour  and  water,  is  applied  around  the  edges  and  the 
two  halves  pressed  firmly  together;  care  is  taken  to  see  that  they  register 
all  around.  The  core  should  then  be  placed  in  the  oven  to  dry  out  the 
paste.  When  pasting  cores  of  6  inch  diameter  and  over,  it  is  well  to 
bind  the  halves  at  each  end  with  a  single  wrap  of  small  wire. 

Wherever  possible,  core  boxes  should  l)e  made  with  their  widest 
opening  exposed  for  packing  the  core,  and  designed  so  that  the  core 
may  rest,  while  being  baked,  on  the  flat  surface  formed  by  striking  off 
at  this  opening. 

Core  plates  will  sometimes  become  warped.  When  a  core  would 
be  spoiled  by  resting  it  directly  upon  such  a  plate,  the  unevenness  is 
overcome  by  sifting  upon  the  plate  a  tliin  bed  of  molding  sand  and 
seating  the  core  on  this. 

All  cores  cannot  be  made  with  a  flat  surface  for  baking,  as  illus- 
trated by  a  port  core,  the  box  for  which  is  shewn  in  Pattern  Making, 
Fig.  216. 


p.ns 


50 


FOUNDRY  WORK 


This  core  must  be  rolled  over  on  a  bed  of  sand.  Using  an  oil 
mixture,  ram  the  core  carefully,  bedding  into  it  several  wax  vents. 
These  should  start  near  the  end  which  will  touch  the  main  cylinder 
core  and  lead  out  of  the  end  which  will  enter  the  chest  core.  To  get 
this  crooked  core  on  a  plate  for  baking,  a  wooden  frame  is  roughly 
nailed  together,  which  is  large  enough  to  slip  over  the  core  box  when 
the  loose  pieces  have  been  drawn  off  of  the  core.     See  A,  Fig.  65. 

The  space  on  top  of  the  core  is  now  filled  with  molding  sand, 
rammed  just  enough  to  support  the  weight  of  the  core.  The  edges  of 
the  frame  project  above  the  highest  points  of  the  core  and  form  guides 


Fig.  65.    Bedding  a  Crooked  Core. 

for  striking  off  this  sand  and  seating  a  core  plate,  as  at  B.  Box,  frame, 
and  plate  are  now  firmly  clamped  and  rolled  over,  and  the  frame  and 
box  removed,  leaving  the  core  well  bedded  on  the  plate  ready  for  the 
oven,  as  at  C. 

In  manufacturing  plants  quantities  of  cores  are  often  required 
which  cannot  be  baked  on  a  flat  plate.  To  save  the  time  and  material 
necessary  to  roll  each  core  onto  a  bed  of  sand,  metal  boxes  are  made, 
see  Pattern  IVIaking,  Figs.  227  and  22S,  and  the  core  is  baked  in  one 
part  of  the  box.  Only  one  casting  is  required  of  the  larger  portion  of 
the  box.  The  smaller  part  is  duplicated  for  every  core  required  for 
the  day's  molds. 

Mention  has  been  made  of  the  use  of  wires  for  strengthening 
small  cores.  In  making  larger  ones,  there  is  a  greater  weight  of  sand 
to  cause  strain  in  handling  the  core,  and  proportionately  greater  casting 
strain.  To  resist  these,  a  systematic  network  of  rods  is  bedded  in  the 
core  while  being  rammed,  as  shown  in  the  sectional  view,  Fig.  00. 
Heavy  bars  a  ahh  extend  the  length  of  the  core  to  give  the  main  stiff- 
ness. Smaller  cross  rods  rest  on  these  at  the  bottom  and  top,  and 
with  the  small  vertical  rods  tie  the  whole  core  together. 

At  even  distances  from  each  end  lifting  hooks  c  are  placed. 
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Cross  rods  through  the  lower  eyes  of  these  hooks  bring  all  the  strain 
of  the  lift  on  the  long  heavy  core  rods.  The  holes  in  the  top  of  the 
cores  where  the  lifting  hooks  are  exposed,  are  stopped  off  when  the  core 
is  in  the  mold^  by  moist- 
ening the  sides  of  holes 
with  oil  and  filling  up 
with  green  sand. 

Cinders  are  packed 
in  the  middles  of  such 
cores.  They  aid  in  dr}^- 
ing  the  core.  They  furn- 
ish good  vent,  and  they 
allow  the  sand  to  give 
when  the  casting  shrinks, 
thus  relieving  the  strain 
on  the  metal  itself. 

For  the  largest  class 
of  cores  for  green  sand 
work,  cast-iron  "core 
arbors"  are  used.  A  very 
satisfactor}'  type  of  arbor 
is  showni  in  Fig.  67.  This  consists  of  a  series  of  light  rings  A  carried 
on  a  cast-iron  beam  B,  The  rings  are  of  about  ^-inch  metal  cast  in 
open  sand  and  set  about  8  inches  on  centers,  and  may  be  wedged  to 
the  beam.     The  beam  has  a  hole  at  each  end  for  lifting  the  core. 

This  skeleton  is  made  up  and  tried  in  the  box  before  the  work  of 

^     , 7-—^        ramming  the  core  is  begun.     It 

is  then  removed  and  given  a  coat 
of  thick  clay  wash.     A  layer  of 
core  sand  is  first  lightly  rammed 
over  the  inside  of  the  box,  and  the 
core  arbor  seated  into  this.     The 
full  thickness  of  core  sand  facing 
is  then  firmly  rammed,  and   the 
entire  center  filled  with  well  packed  cinders.     Vents  tlirough  the  fa- 
cing at  both  ends  provide  for  the  escape  of  gases  from  these  cinders. 
Often,  when  but  one  or  two  large  cores  are  wanted,  the  cost  of 


^y  ^y 

Fig.  (56.    Network  of  Rods  In  Core. 


/ron  Core  Arbor 
B 


A\ 


Fig.  67.    Arbor. 
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making  a  box  is  saved  by  sweepino;  up  the  tore.     This  is  ilhistrated  in 

the  pipe  core  sliown  in  Fig.  ()S, 

The  pattern  maker  gets  out  two  core  boards  and  one  sweep. 

The  boards  are  made  by  simply 
nailing  together  three  thicknesses 
of  I  inch  stuff,  with  the  grain  of 
the  middle  piece  crossing  that  of 
the  others  to  prevent  warping. 
The  outer  edges  of  the  boards 
have  the  exact  curve  of  the  out- 
side of  the  pipe  pattern,  and  at  the 
ends  is  tacked  a  half  section  of 
the  core,  shown  at  a  a.  One 
sweep  does  for  both  boards. 
The  curve  is  cut  the  exact  half 
section  of  the  core  The  edge  h 
equals  the  thickness  of  metal  in 
the  casting,  and  the  stop  c  acts 

as  a  guide  along  the  outer  edge  of  the  board. 

In  making  up  this  core  a  thin  layer  of  core  sand  is  spread  on  the 


Fig. 


Pipe  Core, 


Pig.  69.    Core  Machine. 

board  and  the  outline  of  the  core  .swept.     On  this  the  rods  with  their 
lifting  hooks  are  bedded,  and  the  vent  cinders  carefully  laid  along  the 
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middle.  Tlu'  whole  general  shape  is  then  rammed  up  in  core  sand 
lar<fer  than  r('(|uired,  and  by  using  the  sweep  it  is  brought  to  exact  size. 
'I'he  core  is  then  slicked  off,  ])lackened  and  baked  while  still  on  the 
bour(l.  When  both  halves  are  dried,  thev  are  pasted  together,  the 
same  as  with  smaller  work.  To  prevent  l)reaking  tht;  lower  half  when 
turning  it  over  to  paste,  it  is  rolled  over  on  a  pile  of  heap  sand. 

For  making  "stock"  cores,  round  or  square,  several  styles  of  core 
machines  have  been  put  on  the  market  within  the  last  few  years,  of 
which  the  accompanying  cut.  Fig.  69,  is  a  good  representative.  This 
is  arranged  to  be  driven  by  hand  or  by  power.  The  core  sand  is  placed 
in  the  hopper  and  by  means  of  a  horizontal  worm  at  the  bottom,  it  is 
forced  through  a  nozzle  under  just  the  right  pressure  to  pack  the  core 
firmly.  A  clean  cut  vent  hole  is  left  in  the  middle  of  each  core.  As 
the  core  is  forced  from  the  nozzle  it  is  received  on  a  corrugated  sheet 
steel  plate,  which  is  moved  along  to  the  next  groove  when  the  core  has 
run  to  the  full  length  of  the  plate. 

The  advantage  of  the  machine  is  that  with  it  an  apprentice  boy 
can  produce  a  true,  smooth,  perfectly  vented  core,  in  very  much  less 
time  than  could  possibly  be  done  by  hand  ramming. 

SETTING  CORES 

The  following  examples  show  typical  ways  of  setting  and  securing 
cores  in  molds  and  of  connecting  vents. 

A  bolt  hole  core,  shown  at  A,  Fig.  70,  illustrates  the  simplest  form 
of  core  to  set.     Only  a  drag  print  is  necessary^;  the  fiat  top  of  the  core 


Fig.  70.    Bolt-Hole  Core 


Fig.  Tl.    Calipers. 


should  just  touch  the  cope  surface  of  the  mold.  The  level  may  be 
tested  by  a  straight  stick  or  by  sighting  across  the  joint.  If  the  core 
is  too  long,  one  end  may  be  filed  off  a  little;  if  too  short,  a  little  sand 
may  be  filled  into  the  bottom  of  the  print.    For  longer  cores,  especially 


207 


64 


FOUNDRY  WORK 


hub  cores,  a  taper  print  is  placed  on  the  cope  side  of  the  pattern,  and 
the  same  taper  is  given  to  the  end  of  the  core;  this  guides  it  to  the  exact 
center  when  the  mold  is  closed.  Numerous  examples  are  shown  in 
Pattern  ]\Iaking,  pages  103  to  107.  The  exact  length  of  the  core 
should  be  obtamcd  from  the  pattern  wdth  a  pair  of  calipers,  as  shown 
in  Fig.  71-  One  point  of  the  calipers  should  then  be  placed  on  the 
taper  eiid  of  the  core,  and  the  print  filled  in  or  the  core  shortened  in 
case  ot  variation  from  the  right  length. 

It  is  well  to  make  a  vent  hole  from  the  center  of  each  print  before 
setting  the  core. 

^Yith  pattern  and  core  boxes  properly  made,  little  difficuliy  should 
be  experienced  in  setting  small  horizontal  cores  for  hollow  bushings, 
pipe  connections,  etc.  (See  Pattern  INIaking,  Figs.  Ill,  186  and  101.) 
The  core  must  fit  the  print  or  a  poor  casting  will  result.     The  sand 

r^  Air  }i^ent 


Fig.  73.    Body  Core,  Supported. 

supporting  the  prints  must  be  tucked  firmly  enough  to  withstand  the 
lifting  pressure  on  the  core.  A  scratch  with  the  point  of  the  trowel 
along  the  joint  surface  from  the  end  of  the  print  to  the  edge  of  the  flask, 
will  usually  take  care  of  the  vent. 

For  larger  cores  of  this  character,  crossbars  are  nailed  in  both 
drag  and  cope  made  to  fit  snug  against  the  core  print.  See  a  a  a  a, 
Fig,  72.  These  hold  the  core  absolutely  firm.  The  spaces  6  6  in  the 
cope,  are  not  packed  until  the  core  is  set,  when  it  is  a  simple  matter 
to  ram  these  spaces  and  take  off  an  air  vent  directly  from  the  center  of 
the  core. 

In  setting  chaplets,  the  height  of  the  lower  one  may  be  tested  with 
a  rule,  with  a  straight  edge  rested  on  the  prints,  or  by  a  guage  similar 
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to  that  shown  in  Fig.  73.     A  small  boss  is  usually  formed  by  pressing 
the  trowel  handle  into  the  mold  where  the  chaplet  is  to  go. 

The  cope  chaplet  is  not  fastened  until  the  mold  is  closed,  then 
the  stem  can  be  properly  wedged  down 
under  a  bar  clamped  across  the  top  of 
the  mold.  _ 

There  are  two  methods  of  coring 
holes  below  the  level  of  the  joint.  One 
is  shown  clearly  in  Fig.  74.  A  "stock" 
core  is  set  in  the  bottom  of  the  prints; 
a  wooden  template,  shown  at  h  and  h' ,  is  set  over  the  core,  and  the  print 
a  is  then  packed  with  molding  sand  or  "stopped  off,"  as  it  is  termed. 

The  other  method  is  shown  at  B  and  B',  Fig.  70.     Here  that  part 
of  the  core  which  will  shape  the  hole  through  the  casting,  is  formed 


Fig.  73. 


■Vent 


Fig.  74.    Setting  Core  Below  Surface. 

on  the  end  of  a  core  which  exactly  fills  the  print.  A  single  operation 
sets  the  core  and  stops  off  the  print.  For  this  reason  this  method  is 
used  where  a  large  number  of  such  holes  are  to  be  cored. 

In  work  where  a  hole  must  project  well  into  the  casting  but  not 

all  the  way  through  it,  a  •  balanced 
core  is  often  used.  Such  a  case  is 
illustrated  by  the  rammer  head,  Fig. 
75.  AMien  making  this  core,  let  the 
vent  extend  through  the  entire 
length,  then  stop  up  the  vent  at  the 
small  end  with  a  bit  of  clay  after  the 
core  is  baked. 

It  is  not  always  practicable  to 
enlarge  the  print   as  shown   here,  but  when  possible,  it  reduces  tlie 


Fig.  75.    Small  Balanced  Core. 
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length  of  print  necessary  to  balance  the  projecting  end  and  ensures 
accurate  depth  to  the  hole. 

Heavy  projecting  cores  must  be  supported  by  cha[)lets,  as  illus- 
trated in  Fig.  76.     Vents  may  be  taken  off  through  a  channel  and  air 

riser  as  explained   in  the  section 


Vent 
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Large  Balanced  Core. 


Fig.  77. 


on  venting.  Fig.  77  shows  the 
shape  of  the  print  on  the  pattern 
for  this  mold  at  a,  the  pockets 
formed  by  the  core  are  shown  at 
h  h,  and  c  indicates  the  position 
of  the  gate. 

A  core  is  frequently  used  to 
avoid  a  deep  lift  for  the  cope. 
Suitable  wire  hangers,  .shown  at 
a,  Fig.  78,  are  bedded  in  the  core  when  it  is  made.  In  setting  the 
core  small  annealed  wire  about  No.  20  oi  No.  24  gauge,  is  looped 
through  the  hangers,  passed  through 
small  holes  made  in  the  cope,  and  fast- 
ened with  a  granny  twist  over  an  iron 
bar  on  top.  This  bar  should  bear  on 
the  sides  of  the  cope  and  the  core  be 
brought  up  snug  in  its  print  by  wedg- 
ing under  its  ends.  The  "rigging"  need  only  be  strong  enough  to  sup- 
port the  weight  of  the  core,  for  the  pressure  of  metal  will  force  this 

core  firmly  into  its  print  with  little 
danger  of  shifting  it.  For  heavy 
cores  a  lifting  eye,  as  previously  il- 
lustrated in  Fig.  66,  takes  the  place 
of  the  wire  hanger,  and  the  core  is 
hung  by  means  of  a  hooked  rod  with 
a  nut  on  the  end.  As  shown  in  Fig. 
79,  this  rod  passes  through  a  long 
washer  which  bears  on  a  pair  of 
rails,  or  similar  stiff  rigging. 

WTiere  possible,  the  placing  of 
cores  in  the  bottom  of  molds  should 
be  avoided,  for  in  this  position,  being  much  lighter  than  molten  iron, 
the^  must  be  .secured  against  a  pressure  tending  to  float  or  lift  them 


^/A^, 


Fig.  78. 
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This  pressure  is  proportionate  to  their  depth  below  the  pouring  basin. 
But  the  metal  at  the  bottom  of  a  mold  is  cleaner  and  more  sound  than 
that  at  the  top.  Therefore,  planer 
beds,  large  face  plates  and  pieces 
of  this  character,  are  usually  cast 
face  downward,  making  it  necessary 
to  anchor  the  T-slot  cores  in  the  l)ot- 
tom  of  the  mold. 

In  some  cases  such  cores  may 
be  held  down  by  driving  nails  so 
that  their  heads  project  somewhat 
over  the  ends  of  the  core,  as  shown 
in  Fig.  80.  If  this  method  is  not 
strong  enough,  pointed  anchors, 
with  a  foot  on  one  end,  are  rim 
through  a  hole  in  the  core,  and  are  ^^' 

carefully  driven  into  the  bottom  board.     See  Fig.  81.     ^Miere  the 
work  is  bedded  into  the  floor  a  plank  must  be  set  to  receive  these 

Joint  Line 


&j  i:; 


^ 


'^^^.'^'^''^ 


Fig.  80.  Fig.  81. 

anchors  just  below  the  cinder  bed.  As  in  the  case  of  lifting  eyes,  the 
holes  in  the  core,  into  which  the  foot  on  the  anchor  is  driven,  are 
smeared  with  oil  and  stopped  off  with  green  sand. 

DUPLICATIiNQ  CASTINGS 

Devising  methods  for  increasing  production  and  decreasing  its 
cost  is  one  of  the  important  problems  of  modern  engineering  in  the 
foundry  as  well  as  elsewhere.  In  the  jobbing  foundry'  where  there  is  a 
great  variety,  not  only  in  the  patterns  themselves,  but  in  the  number  of 
eastings  called  for  from  each  pattern,  the  molder  makes  up  a  sand 
match  as  already  described. 


211 


58  FOUNDRY  WORK 


On  this  match  he  arranges  such  an  assortment  of  patterns  as  will 
fill  his  flask  and  beds  them  into  place.  From  a  well-made  sand  match 
two  or  three  hundred  molds  may  be  made  up.  When  the  desired 
number  of  castings  is  made  from  one  pattern  on  the  match,  that  one 
is  removed  and  another  one  which  will  fit  in  its  place  is  substituted. 

For  manufacturing  purposes  thousands  of  the  same  casting  may 
be  required  calling  for  more  durable  patterns  and  match.  IMetal 
patterns  are  made  and  as  many  as  can  be  cast  in  a  flask  are  soldered 
to  a  smoothly  finished  metal  gate  pattern.  With  a  draw  screw  inserted 
in  this  gate,  all  of  the  patterns  may  be  drawn  at  once.  Two  steady- 
pins  should  be  screwed  and  sweated  into  the  drag  side  of  the  gate 
pattern.  These  should  be  of  small  roimd  brass  rod  and  project  below 
the  deepest  point  of  the  patterns.  They  guide  the  pattern  as  it  is 
being  drawn  and  prevent  it  from  swaying  and  breaking  the  edges  just 
as  it  leaves  the  sand.  Patterns  so  arranged  are  termed  "gated  pat- 
terns." 

When  such  patterns  have  a  flat  joint,  a  special  mold  board  should 
be  provided  and  the  patterns  stored  on  the  same  board.  Wlien  the 
joiiit  is  irregular,  a  permanent  oil  match  should  be  made.  Make  a 
strong  hardwood  frame  the  size  of  the  flask  and  about  1  inch  deep, 
with  the  bottom  board  arranged  to  screw  on  to  the  back.     Nails  should 

be  driven  into  the  inner  sides  hang- 
ing parallel  to  the  bottom  board. 
Measure  the  quantity  of  sand  need- 
ed to  fill  this  match.  ]\Iix  thor- 
oughly and  put  through  a  fine  sieve, 
while  dry,  one-half  this  quantity  of 
burnt  sand,  one-half  new  molding 
sand,  and  about  one-fortieth  litharge. 
Temper  the  same  as  molding  sand, 
Fig.  83.  on  Match.  ^jgj^g  ^^^-igj  linseed  oil.     Ram  up 

drag  and  joint  the  mold  very  carefully.  Put  on  the  match  frame  and 
ram  up  with  the  above  mixture;  strike  off,  and  screw  on  bottom  board. 
Remove  drag  and  allow  the  match  to  dry  for  a  day  with  the  patterns 
left  in  it.  A  coat  of  shellac  when  dry  will  improve  the  surface.  Fig. 
82  shows  a  set  of  gated  patterns  bedded  in  a  hard  match. 
MOLDING  MACHINES 
Although  there  are  many  styles  of  molding  machines  on  the 
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market,  there  are  practically  but  three  separate  tvpes:    Those  de- 
signed to  simply  draw  the  pattern;  those  which  only  ram  the  flask; 
and  those  where  the  mechanism  is  ar- 
ranged  to   perform    both   of   these 
operations. 

Machines  are  used  to  make  it  pos- 
sible to  turn  out  larger  (juantities  of 
small  work  or  to  simplify  the  produc- 
tion of  difficult  castings.  The  kind  of 
machine  used  will  vary  according  to 
the  line  of  casting  to  be  made.  Iron 
flasks  are  used  with  these  machines  for 
medium  weight  casting,  while  for  light 
work  the  snap  flask  is  almost  univer- 
sally employed. 

In  Fig.  83  is  shown  a  molding  ma- 
chine of  the  first  t}^e  spoken  of  above. 
The  pedestal  base  of  the  machine  has  a  flat  top.  The  stripping 
plate  is  supported  above  this  by  a  rigid  open  framework.  Work- 
ing in  guides  carried  on  the  sides  of  this  framework  is  the  drawing 


Fig.  83.    Molding  Machine. 


Fig.  84. 
frame  made  to  raise  or  lower  by  a  strong  crank  and  connecting  rod. 
On  top  of  this  drawing  frame  and  parallel  to  the  stripping  plate  is 
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screwed  the  plate  to  which  the  pattern  is  fastened.  The  stripping 
plate  is  cast  with  an  opening  which  leaves  about  1  inch  clear  all  around 
the  pattern.  "\Mien  both  pattern  and  strip])in(i;  ])late  are  properly  set 
in  place,  this  space  is  filled  with  babbitt  metal;  this  being  an  easy  way 
to  secure  a  nice  fit. 

In  many  cases  there  will  be  an  inieiior  body  of  sand  to  be  sup- 
ported when  the  pattern  is  drawn.  To  accomplish  this  stools  are  used. 
A  leg  screwed  into  the  stool  plate  supports  the  stool  at  the  exact  level 
of  the  stripping  plate.  The  stool  j)late  is  fastened  to  the  flat  top  of  the 
machine  inside  of  the  box-like  framework  which  supports  the  stripping 
plate.     See  Fig.  84. 

The  gear  wheel  mounted  in  Fig.  S3,  would  be  a  difficult  pattern 
to  duplicate  by  simple  liand  drawing;  the  machine  insures  a  perfectly 
clean  draw.     A  box  is  inverted  on  the  machine,  rammed,  vented  and 


Machine. 


struck  off.  A  movement  of  the  crank  lever  at  the  side  draws  the  pat- 
tern. The  mold  is  removed  and  set  on  a  level  sand  floor,  thus  doing 
away  with  bottom  boards.  A  second  stripping  plate  and  pattern  is 
used  for  ramming  the  cope  boxes. 

Pulleys  are  manufactured  on  molding  machines  of  this  type,  as 
shown  by  the  equipment  illustrated  in  Fig  8o.  The  rim  patterns  have 
the  form  of  long  hollow  cylinders  and  Chn  readily  be  set  for  any  de- 
sired width  of  face.  The  hub  carrying  the  core  print  separates  from 
the  spokes,  lifts  off  in  the  mold  and  is  drawn  by  hand.  The  arm  pat- 
terns are  so  flat  and  smoothly  rounded  that  the  mold  is  easily  lifted 
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off  of  them  with  httle  fear  of  breaking  the  sand.  Cope  and  drag  molds 
are  both  ahke  for  a  pulley  mold. 

Fig.  86  shows  a  type  of  machine  which  only  packs  the  sand. 
Here  the  paiferns  are  carried  on  tiro  sides  of  a  plate  set  between  the 
cope  and  drag.  Both  boxes  are  filled  with  sifted  sand  and  set  on  the 
machine.  The  boards  are  made  to  slide  inside  of  the  flask.  The 
molder's  weight  on  the  lever  compresses  the  sand. 

The  sprue  is  cut  by  a  thin  hollow  steel  tube  called  a  sprue-cutter, 
which  is  pressed  through  the  cope  sand  by  the  molder  liefore  separating 
the  flask.     In  separating  the  mold  the  cope  is  first  lifted  from  the  drag 


Flp.  86.    Molding  Machine,  or  Squeezer. 

and  the  plate  is  gently  rapped  and  lifted  from  the  drag.  To  make  a 
clean  lift  when  parts  of  the  patterns  project  in  the  cope,  a  second  mol- 
der raps  with  an  iron  bar  between  the  battens  of  the  bottom  board 
while  the  cope  is  being  drawn  off. 

Such  machines  are  used  chiefly  on  thin  work  which  will  vent  and 
solidify  vers'  rapidly — for  the  outer  surfaces  of  the  drag  and  cope  are 
apt  to  be  rammed  so  hard  that  they  might  choke  the  vent  on  heavier 
castings. 

Fig.  87  shows  the  operation  of  the  lever  mechanism  by  which 
one  movement  draws  the  presser  head  over  into  place  and  then  pulls 
it  down  to  compress  the  sand. 

^^ith  the  third  class  of  machine  both  hand  and  power  are  em- 
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ployed  for  tlie  operating.  A  hand  machine,  Iniilt  on  the  same  hnes  as 
the  previous  example,  is  shown  in  Fig.  88.  With  this  machine  gated 
patterns  are  mounted  on  a  wooden  hoard  or  hard  match.  Snap  flasks 
are  used  and  when  the  size  of  the  work  will  permit,  both  cope  and  drag 
parts  are  set  up  side  by  side  on  the  same  machine. 

The  amount  of  sand  to  be  compressed  is  regulated  by  the  depth 
of  the  sand  frame  which  is  set  on  top  of  the  boxes.  To  avoid  ramming 
the  higher  portions  of  the  pattern  too  hard  a  thick  block  is  fastened 

to  the  prcsser  head.  This  block 
is  hollowed  out  to  conform  with 
the  shape  of  the  patterns,  as 
shown  in  the  small  cut.  This 
,  excess  is  struck  off  before  the 
])atterns  are  drawn.  A  move- 
ment of  the  lift  lever  raises  the 
lift  table.  This  in  turn  raises 
four  pins  which  pass  through  the 
corners  of  the  pattern  board,  en- 
gage the  e<lges  of  the  flask  and 
lift  it  perfectly  straight  off  of  the 
patterns.  The  end  of  a  rapping 
bar  may  be  seen  under  the  pat- 
tern board  of  the  cope  box. 
With  this  the  board  is  rapped 
while  the  lift  is  being  made. 
Compressed  air,  steam,  and  in  some  styles,  power  transmitted 
by  belting,  are  used  for  operating  many  molding  machines.  Com- 
pressed air  is,  however,  more  frequently  met  with.  Fig.  89  shows  a 
modern  machine.  The  sizes  range  from  14  x  20  inches  to  40  x  90 
inches. 

In  operation  the  facing  sand  is  tucked  by  hand,  and  the  flask  and 
sand  frame  filled.  The  presser  head  is  swung  forward  but  remains 
stationary,  and  the  whole  machine  table,  bearing  patterns  and  flask 
are  forced  upward  against  it,  by  means  of  a  cylinder  underneath  the 
center  of  the  machine.  Two  or  three  blows  are  given  as  if  by  a  steam 
hammer. 

P^ither  a  stripping  plate,  pattern  l)oard,  or  pattern  plate  is  used. 
As  a  substitute  for  rapping  the  patterns  a  small  pair  of  cylinders  h 


Fig.  87.    T^ever  Mechanism. 
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attached  to  the  frame  which  carries  them.  These  cyUnders  contain  a 
small  piston  which  is  driven  back  and  forth  very  rapidly,  giving  a 
tremi)ling  motion  to  the  patterns.  This  attachment  is  called  a  pneu- 
matic vibrator. 

A  rub})er  tube  with  a  nozzle  is  conveniently  attached  to  the  com- 
pressed air  pipe  and  provides  a  ready  means  for  the  mc  Ider  to  blow 
his  mold  clean.  The  force  of  this  air  is  regulated  by  a  spring  valve 
attached  to  the  nozzle. 

On  the  large  machines  all  operations,  even  to  the  swinging  (jf  the 


Fig.  88.    Squeezer,  with  Device  for  Drawing  Patterns. 

presser  head,  are  accomplished  by  compressed  air,  controlled  l)y  a  few 
conveniently  placed  levers. 

The  advantage  of  molding  machines  lies  in  the  fact  that  they  can 
be  operated  with  practically  unskilled  labor,  because  there  is  no  skill 
required  in  drawing  the  pattern,  in  repairing  the  mold,  or  in  gating, 
and  in  many,  none  required  in  packing  the  flask.  All  of  these  are 
points  which  ordinarily  call  for  sound  judgment  and  a  high  degree  of 
skill  on  the  part  of  the  molder.  The  limitation  of  the  simple  squeezer 
due  to  hard  surface  ramming,  has  been  mentioned. 

The  tendency  of  molding  machine  practice  in  the  jobbing  shops 
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is  toward  a  hand-rammed,  stripping-plate  machine,  because  the  jobs 
may  be  changed  quickly  and  the  more  intricate  patterns  can  l)e  rammed 
just  right.    The  great  expense  of  metal  patterns  and  stripping  plate 


Flff.  89.    Molding  Machine.    (Rams  by  i'ower  and  Draw.s  Patterns  Automatically.) 

is  being  overcome  by  the  use  of  ordinary  wooden  patterns  and  a  strip- 
ping plate  made  of  well-seasoned  oak,  which  has  been  boiled  in  par- 
affin to  prevent  it  from  warping. 

DRY  SAND  WORK 

This  branch  of  molding  becomes  a  separate  trade  in  shops  where 
the  work  is  done  continually.  The  dry  sand  inolder  must  use  the 
same  precautions  as  the  green  sand  molder  in  setting  gates,  risers,  and 
fastening  his  sand  with  crossbars  and  gagers.  At  the  same  time  he 
works  with  a  core  sand  mixture  next  his  patterns  and  backs  this  with  a 
coarse  molding  sand.  So  that  he  must  coml)ine  the  skill  and  judg- 
ment of  both  green  sand  molder  and  core  maker.  The  venting  of  dry 
sand  work  must  be  ample  as  in  the  case  of  cores,  but  it  is  simpler  than 
in  core  work,  because  the  core  mixture  surrounds  the  casting  so  that 
vents  may  be  taken  off  in  all  directions. 

Iron  flasks  are  used,  generally  provided  with  trunnions  to  facilitate 
turning.  The  facing  mixture  is  the  same  as  that  used  for  making 
large  cores.     See  Core  Making.     The  remainder  of  the  flask  is  packed 
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with  the  same  sand  after  it  has  been  used.  The  patterns  are  made 
and  used  the  same  as  with  green  sand,  only  they  shoukl  be  brushed 
over  with  hnseed,  crude-oil  or  other  heavy  oil  before  ramming.  In 
some  shops  oil  is  brushed  over  the  joint  before  parting  sand  is  thrown 
on.  After  the  pattern  is  drawn,  the  mold  is  finished  by  applying  a 
heavy  coat  of  good  black  wash.  When  the  sand  has  absorbed  the 
moisture  so  that  all  glisten  has  disappeared,  this  blacking  is  slicked 
over.  Great  care  must  be  exercised  in  this  operation,  for  too  much 
slicking  will  (h"aw  the  moisture  to  the  surface  again  and  result  in  scabs 
on  the  casting. 

Engine  cylinders  are  a  representative  line  of  work  for  dry  sand. 
Consider  the  simple  type  of  cylinder  shown  in  Pattern  Making,  page 


V  ■  :-vxS'n^.'^. 


Fig.  90.    Molding  a  Cylinder. 

j  115,  to  have  a  bore  of  from  IG  to  2G  inches  with  the  exhau,st-outlet 

I  flange  placed  above  the  center  of  the  cylinder.     To  facilitate  setting 

the  cores  the  pattern  will  be  split  through  the  steam  chest.     The  flange 

i  just  mentioned  will  be  molded  in  the  drag;  it  should  be  made  loose 

I  and  draw  in  the  opposite  direction  fnmi  the  main  pattern.     The  cylin- 

{  der  core  will  be  made  on  a  "barrel"  (explained  later  on  page  07) 

I  and  the  mold  poured  on  end  to  insure  sound  metal  and  to  reduce  the 

1  casting  strain  on  the  port  cores.     The  flask  is  made  with  a  round  open- ' 

ing  in  one  end  to  allow  the  core  to  project  through  it.     This  opening 

is  larger  than  the  diameter  of  the  core  to  allow  for  gates  and  ri.sers. 

j  There  must  be  another  opening  at  the  side  of  the  flask  opposite  the 
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steam  chest  .core  to  provide  for  fastening  these  cores.  Iron  plates 
serve  for  flask  boards  and  there  should  l)e  a  hole  in  the  drag  plate  op- 
posite the  exhaust  core  to  allow  for  venting  and  fastening  its  end. 

One  half  of  Fig.  00  shows  the  end  view  of  the  flask.  The  other 
half  shows  a  section  through  the  middle  of  the  completed  mold.  Here 
A  is  the  hollow  cylinder  core,  B  is  the  chest  core,  C  the  live  steam  core 
hung  in  the  cope,  D  the  exhaust  core.  The  flask  is  packed  in  a  man- 
ner similar  to  green  sand.  The  method  of  molding  the  exhaust  flange, 
however,  has  not  previously  been  explained.     To  do  this,  proceed 


Fig.  91.    Plan  on  Drug. 

packing  the  drag  until  the  pattern  is  covered.  Tuck  the  facing  care- 
fnllv  underneath  the  flange,  setting  in  rods  as  in  core  work,  to  strength- 
en the  overhanging  portions.  Make  a  flat  joint,  F  G,  at  the  level  of 
the  top  of  the  flange,  then  carefully  fit  over  the  print  of  the  flange  the 
cover  core,  E,  and  fix  its  position  with  nails  driven  into  the  joint  at  its 
corners.  Now  remove  the  cover  core,  draw  the  flange  and  finish  that 
part  oi  the  mold  with  black  wash  and  slicking.     When  this  is  accora- 
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plislied,  replace  the  cover  core,  place  a  short  piece  of  pipe  over  its 
central  vent,  and  finish  ramming  the  drag.  This  method  may  be  used 
in  many  cases,  both  in  dry  sand  and  green  sand  work  where  a  small 
detail  of  the  casting  recjuires  a  separate  joint  surface. 

A  sectional  plan  looking  down  on  the  drag  is  shown  in  Fig.  91. 
V\'hen  the  mold  has  been  properly  finished  and  baked,  the  drag  is 
brought  from  the  oven  and  set  on  a  pair  of  stout  horses.  The  cylinder 
core  is  first  set  in  place,  then  the  exhaust  core  is  set  in  its  drag  print 
and  held  close  to  the  cylinder  core,  while  the  port  and  chest  cores, 
])reviously  pasted  and  fastened,  are  lowered  into  the  chest  print.  The 
chest  print  is  cut  a  little  long  at  a  a,  to  allow  its  core  to  be  drawn  back 
slightly  while  the  exhaust  core  is  entered  into  its  place  between  the 
])()rt  cores.  Then  all  of  the  cores  are  set  forward  into  position,  the 
chaplets  b  b  set,  the  space  a  a  tightly  packed  again,  and  the  anchor 
bolts  c  c  placed  in  position  and  made  fast.  The  drag  print  of  the 
exhaust  core  is  made  fast  from  underneath  the  drag  plate,  ^^^len  all  the 
cores  have  been  firmly  fastened,  the  cope  is  closed  on,  the  two  boxes 
clamped  at  the  flanges,  and  set  up  on  end.  The  runner  R  and  the 
riser  S  were  cut  and  finished  before  baking;  the  basins  must  be  built 
in  green  sand  after  the  mold  is  closed. 

MAKING  A  BARREL  CORE 

Loam  is  used  here  for  the  outer  shell  of  the  core.  It  is  probably 
the  simplest  job  in  which  a  loam  mixture  is  employed,  and  is  made  by 
a  core  maker  more  frequently  than  by  the  higher  paid  loam  molder. 
Barrel  cores  are  used  where  the  core  is  long  and  can  best  be  supported 
at  the  ends  only;  for  example,  in  gas  and  water  pipes  and  cylinder 
work. 

Loam  is  a  facing  mixture,  of  the  consistency  of  mortar,  applied  to 
the  face  of  the  core  or  mold.  It  contains  fire  sand  with  a  bond  of 
strong  porous  molding  sand  moistened  with  a  thick  clay  wash.  A 
small  proportion  of  organic  matter  in  the  shape  of  horse  manure  is  put 
in  to  aid  the  bond  and  to  leave  the  crust  of  loam  more  fragile  by  burn- 
ing out  as  the  casting  cools.  Proportions  of  the  mixture  will  vary 
according  to  locality,  but  the  principles  already  cited  hold  here  as  with 
other  molding  compounds.  ^Yith  too  much  bond  the  loam  w'orks 
easier  but  tends  to  choke  the  vents  when  casting.     With  not  enough  it 
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wHl  be  weak  and  liable  to  break,  cut  or  crumlile  under  strain.     A 
typical  mixture  is  as  follows: 

Mixed  by  Hand  Mixed  by  Mill 

Fire  sand                                  1 0  parts  1 0  parts 

Strong  coarse  molding  sand    4      "  3      " 

Horse  manure                           li    "  2      " 
Wet  with  thick  clay  wash. 

The  advantages  of  loam  cores  are  that  they  are  lighter,  cheaper 
to  make,  and  carry  off  the  gases  faster  than  do  dry  sand  cores. 

The  method  of  making  barrel  cores  is  as  follows:  A  piece  of 
pipe  about  three  inches  smaller  than  the  outside  diameter  of  the  core 
is  selected  to  form  the  center.  The  pipe  is  perforated  with,  a  large 
number  of  holes.  If  the  pipe  is  more  than  three  or  four  inches  in 
tliameter,  centers  or  trunnions  are  riveted  in  the  ends  to  serve  as  bear- 
ings. The  pipe  is  arranged  to  revolve  freely  on  a  pair  of  iron  horses, 
as  shown  in  Fig.  92.  A  crank  handle  is  attached  by  which  the  pipe 
may  be  turned.  A  couple  of  wraps  of  hay  rope  are  first  given  anjuiul 
one  end  of  the  pipe  and  the  loose  end  pinned  M;it  by  a  nail  run  under 
these  strands.  Tight  wrap])ing  is  then  continued  to  the  other  end  of 
the  pipe  where  the  rope  is  fastened  in  a  similar  manner  and  cut  off. 
Hay  rope  should  be  made  of  long  wisps  tightly  twisted.  Sizes  vary 
from  f  to  1  inch.  Where  only  a  small  amount  of  hay  rope  is  used,  it  is 
bought  ready  made.  Foundries  using  large  quantities  are  equipped 
with  one  or  more  machines  built  especially  for  making  this  rope. 

The  first  coat  of  loam  is  rubbed  on  with  the  hands,  then  well 
pressed  in  with  the  flat  side  of  a  board  as  the  barrel  is  slowly  revolved. 
WluMi  this  has  set,  the  core  board,  A,  is  placed  in  position,  and  the 
roughing  coat  worked  on  to  the  core  to  within  about  }  inch  of  finished 
size.  The  core  is  now  dried  in  the  oven.  Placing  the  core  again  on 
the  standards,  the  finishing  coat  of  "slip"  is  applied  with  the  core 
board  while  the  core  is  still  hot.  The  diameter  is  tested  with  calipers 
and  brought  to  required  size  by  slight  adjustment  of  sweep  board  A. 
When  the  core  has  been  built  to  size,  move  the  loam  back  from  the 
edge  of  board  A,  then  withdraw  the  board  while  the  "barrel"  is  still 
in  motion. 

Slip  or  skinning  loam  is  made  by  thinning  regular  loam  as  it  is 
rubbed  through  a  No.  8  sieve.  The  heat  of  the  core  is  usually  suffi- 
cient to  dry  this  slip  coat  enough  so  that  black  wash  may  he  brushed 
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on  and  slicked,  as  in  dry  sand  work,  l>eforc  running  the  core  into  the 
oven  again  for  its  final  baking. 

The  service  of  the  hay  rope  on  a  ])arrel  core  is   twofold.     It 
furnishes  a  surface  over  the  smooth  metal  of  tlie  Ijarrel  to  which  loam 


Fig.  92.    Making  Loam  Core  for  Cylinder. 

will  adhere;  and  it  is  elastic  enough  to  give  as  the  casting  shrink.s 
around  the  core.  The  hay  slowly  burns  out  after  the  casting  has  set, 
and  this  frees  the  barrel  so  that  it  can  easily  be  withdrawn  and  used 
again. 
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Tlie  loam  inoldor  reciuires  the  greatest  all-around  skill  in  the 
whole  range  of  foundry  work.  He  must  know  all  the  tricks  of  core 
room  and  dry  sand  shop,  and  most  of  those  in  green  sand.  Added  to 
all  this  he  must  have  a  practical  working  knowledge  of  the  })rinciples 
of  drawing  and  must  possess  to  a  large  degree  the  foresight  of  the 
designer. 

In  order  to  save  time  and  luml)er  in  the  pattern  shop,  only  a  set 
of  sweeps  are  provided  if  the  mold  is  simple,  and  these  with  blue  prints 
of  the  piece  wanted,  is  all  the  mokler  has  to  work  from.  In  intricate 
work,  such  as  a  modern  Corliss  cylinder,  a  skeleton  pattern  carrying 
the  steam  chests,  etc.,  in  accurate  position  is  made.  And  in  some 
very  crooked  work  a  pattern  is  furnished  complete.  As  a  rule,  how- 
ever, the  loam  mokler  must  rely  upon  his  own  skill  and  ingenuity  for 
the  best  method  of  constructing  each  detail  of  the  work. 

Rigging.  The  equipment  for  the  loam  floor  varies  in  different 
shops.  In  Fig.  93  is  shown  the  essential  features  of  an  e(iuipmcnt 
for  sweeping  up  circular  forms. 

Tlie  spindle  a  should  l)e  large  enough  not  to  spring  when  being 
used,  and  long  enough  to  conveniently  clear  the  highest  mold.  A 
piece  of  2-inch  shafting  is  a  handy  size,  for  with  it  the  sweeps  may  be 
made  uniformly  1  inch  less  than  the  recjuired  diameter  and  placed  snug 
to  the  spindle  when  set  up  and  correct  size  of  mold  is  ensured.  This 
spindle  should  revolve  smoothly  in  a  ,sfcp  h.  The  step  shown  may  be 
set  at  any  convenient  place  on  the  floor.  It  has  a  long  iaper  bearing, 
(see  section  A),  capable  of  holding  a  five-foot  spindle  without  need  of 
any  top  bearing  for  same.  The  three  arras  serve  to  make  the  step 
set  firm,  and  upon  them  any  plate  may  be  readily  leveled  up.  Where 
a  tall  spindle  is  used  the  spindle  socket  will  be  more  shallow,  the  step 
may  be  cast  without  arms  and  be  bedded  in  the  floor.  The  top  of  the 
spindle  is  steadied  by  the  hracket  c.    This  must  carry  a  bearing  box  so 
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designed  that  the  spindle  may  be  readily  set  in  position  or  removed. 
And  the  bracket  must  swing  back  out  of  the  way  when  any  parts  of  the 
mold  are  to  be  handled  by  the  crane. 

The  sweeps  are  attached  by  means  of  the  sweep  arm  d.  The 
detail  B  shows  one  method  of  clamping  sweep  arm  to  spindle  by  using 
a  key.  The  arm  is  offset  so  that  one  face  hangs  in  line  with  the  center 
of  the  spindle.  Bolting  the  face  side  of  the  sweep  to  this  brings  the 
working  edge  in  a  true  radial  plane.  Sweeps  are  usually  made  from 
pine  about  1|  inches  thick.  The  working  edge  is  cut  to  the  exact 
contour  of  the  form  to  be  swept,  and  then  beveled  so  that  the  edge 


Fig.  93.    Rig  for  Loam  Work. 

actually  sweeping  the  surface  is  only  about  f  inch.  For  very  ac- 
curate work  or  when  sweeps  are  to  be  much  used,  the  edge  is  faced 
with  thin  strap  iron  to  prevent  wear. 

We  have  seen  that  the  walls  of  green  and  dry  sand  molds  are  sup- 
ported by  sand  packed  into  flasks  and  that  these  flasks  may  be  lifted, 
turned  up  sideways  or  rolled  completely  over  to  suit  the  convenience 
of  the  workman.  The  facinji;  which  forms  the  wall  of  a  loam  mold  is 
supported  by  brickwork  built  upon  flat  plates  of  cast  iron,  and  laid 
in  a  weak  mortar  of  "mud."  From  the  nature  of  their  construction, 
therefore,  these  molds  must  always  be  kept  perpendicular  when  being 
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handled.  'I'ht-  ^jarts  iniiy  Ik-  raised,  lowered,  or  moved  in  any  direc- 
tion horizontally,  hut  they  must  not  be  tipped  or  rolled  over. 

The  plates  are  cast  in  o[)en  sand  molds,  as  illustrated  in  Fi_£^.  50. 
Two  methods  are  employed  to  provide  for  handling  them  by  the  crane; 
either  lugs  are  cast  on  the  edges  of  the  platea  (see  Fig.  93,  C,  D,  and 
E),  or  wrought  staples  are  cast  in  the  plates,  as  shown  in  the  example 
B,  Fig.  94,  or  in  the  crown  plate  of  the  main  cylinder  core,  Fig.  97. 

Three  typical  plates  f(jr  a  loam  job  are  shown  in  Fig.  93.  C  is  the 
building  plate,  it  should  be  at  least  IS  or  20  inches  larger  than  the 


^Building  Plate  _     ^^^ 

C  0 

Fig-  0(.    Laying  up  Loam  W'ork.  , 

largest  diameter  of  the  casting  to  be  made,  and  thick  enough  to  support 
the  weij;ht  of  the  entire  mold  without  springing.  D  shows  a  "cope 
n7ig;"  its  inside  diameter  should  clear  the  casting  2  inches  on  all  sides. 
The  face  should  be  8  to  12  inches  wide,  depending  upon  the  height  of 
the  mold.  E  shows  a  cover  plate;  its  diameter  will  equal  the  outside 
diamo:er  of  brickwork  on  that  part  of  the  mold  which  it  will  cover. 
Here  I  he  loam  facing  is  placed  directly  on  the  iron,  and  must  be  sup- 
portec!  when  the  plate  stands  vertically  or  is  turned  completely  over 
(C,  Fig.  96).    To  hold  the  loam  in  this  way,  "fingers"  or  "stickers" 
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are  cast  on  these  plates.  This  is  accomplished  l)y  simply  printing  the 
end  of  a  tapered  stick  into  the  bed  of  the  open  mold  which  shapes  the 
plates.  These  "sticker  plates"  are  often  used  for  a  purpose  similar  to 
core  E,  Fig.  90,  and  shape  the  outer  face  of  a  picked-out  flange.  This 
is  illustrated  in  D,  Fig.  OC). 

Materials.     Common  red  hrick.s  are  best  for  making  loam  molds. 
Thev  should  be  free  from  glaze  and  have  a  uniform  texture,  so  that 


Fig.  95.    Steps  in  Sweeping  up  Type  Mold. 

they  will  break  clean  when  it  is  necessary  to  fit  them  to  the  shape. 
An  Old  12-inch  half-round  file  makes  a  handy  tool  for  cutting  these 
bricks.  Sometimes  bricks  are  molded  up  from  loam,  and  air-dried. 
These  are  much  more  fragile  than  red  l)ricks,  and  may  be  used  in  j 
pockets,  or  where  the  shell  of  the  casting  is  ([uite  thin,  and  ordinary  ; 
brick  might  resist  the  shrinkage  strain  to  such  an  extent  as  to  en- 
danger  cracking  the  casting. 

For  laying  up  the  brickwork,  "mud"  h  lused,  loam  facing  being 
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auplit'd  oiilv  to  tliose  surfaces  which  come  in  actual  contact  with  the 
iron.  !\ru(l  is  made  from  burnt  loam  or  old  Hooi  sand,  mixt'd  with 
clav  wash  to  the  consistency  of  mortar. 

The  composition  of  loam  facing;  and  "slij)"  have  already  heen 
irivcn  uiidi'r  liead  of  Makini;  a  Barrel  Core 

Cindcr.s  are  an  important  material  in  this  work.  Their  size  will 
depend  upon  their  position  in  the  mold.  For  working  in  between  the 
i)ricks  they  should  be  crushetl  if  necessary;  put  through  a  No.  4  .sieve 
to  remove  smallest  pieces,  then  passed  through  a  No.  2  sieve  to  remove 
the  larger  pieces. 

Principles  of  the  Work.     The  names  of  the  main  parts  of  a  loam 


Consrrucrfon  of  /^o!d 
at  Noz  zle-Xi- 


Fii^.  ?f).    Complete  Typical  I^oaiu  Mold. 

mold  diiTer  somewhat  from  those  applied  when  molding  in  flasks.  As 
will  be  seen  from  the  section,  Fig.  0(),  there  are  three  main  divisions 
in  the  mold:  A,  which  corresponds  to  the  drag  in  a  three-part  mold 
is  called  the  '^con\"  B,  which  corresponds  to  the  check  is  called  the 
"cope"  in  loam  -svork.  And  C,  which  .serves  the  same  purpose  as  the 
cope  of  a  green  sand  mold,  is  spoken  of  as  the  "cover"  in  loam  molding. 
When  the  central  core  is  actually  made  a  separate  piece  as  in  Fig.  97, 
the  lower  part  of  the  mold  is  called  the  "bed"  or  "jounuation" 
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In  laying  up  a  loam  mold,  set  the  plate  central  with  the  spindle 
and  approximately  level.  Then  set  the  sweep  and  finish  leveling  the 
plate  until  repeated  measurements  at  the  four  quarters  of  the  circle 
show  a  uniform  space  between  the  lower  edge  of  the  sweep  and  the 
surface  of  the  plate.  For  the  building  plate  this  measurement  should 
be  5  inches;  for  a  sticKer  plate  the  sweep  should  clear  the  sticker  points 
by  2  to  1  inch  according  to  the  thickness  of  the  casting. 

The  hands  are  used  m  spreading  mud  or  loam  upon  the  })late.-> 
or  brickwork  when  building  the  mold.  The  bricks  must  always  be 
set  well  apart,  leaving  a  space  at  least  the  width  of  a  finger  between 
them.  Fill  in  these  spaces  with  fine  cinders.  The  reason  for  this  is 
fourfold.  It  facilitates  drying;  it  provides  good  vent;  it  will  give  or 
crush  sufficiently  when  the  casting  shrinks  not  to  cause  undue  strain; 


Fig.  97.    Loam  Mold  for  Marine  Cylinder. 

and  it  reduces  the  labor  in  cleaning.  In  each  course  of  bricks  the 
joints  should  lead  as  directly  as  possible  away  from  the  casting,  but 
the  joints  should  be  broken  between  courses.  These  points  are  illus- 
trated in  the  sketch  A,  Fig.  94.  As  shown,  the  first  two  courses  of  the 
core  are  usually  set  edgewise.  For  the  rest  of  the  core  and  for  the  cope, 
the  bricks  are  laid  flat.  These  bricks  run  lengthwise  around  the 
circumference^  with  a  course  of  ''headers"  about  every  four  to  six 
courses. 

Cinders  between  the  bricks  form  the  ordinary  means  of  leading 
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the  vent  from  the  loam  facing.  In  confined  places  or  "pockets,"  as 
for  example,  Ijetween  the  flange  D  and  the  main  casting,  Fig.  90, 
additional  provision  is  made  hy  laying  long  wisps  of  straw  between 
the  courses  of  bricks.  The  service  of  the  straw  is  simihir  to  tlie  hay 
rope  of  a  barrel  core. 

The  joint  in  loam  work  is  made  by  a  plate  lifting  away  from  a 
loam  seat  or  two  loam  surfaces  separating  one  from  another.  In  form- 
ing the  first  of  these  the  loam  seat  is  swept  up  and  allowed  to  partially 
set,  then  the  surface  is  brushed  with  oil,  and  parting  sand  thrown  over 
it.  The  seat  shoul<l  then  be  soft  enough  to  allow  the  iron  plate  to 
sink  into  it  sufficiently  to  find  a  good  bearing,  while  the  oil  and  parting 
sand  will  prevent  the  loam  facing  from  adhering  to  the  underside  of 
the  plate.  For  the  loam  to  loam  joint,  the  same  method  is  used,  but 
the  loam  is  allowed  to  set  somewhat  harder  before  building  the  joint 
against  it.     The  angle  of  the  main  joint  should  be  about  1  in  4  inches. 

To  insure  the  different  parts  being  put  together  for  casting  in 
exactly  the  same  position  in  which  they  were  built,  a  guide  surface  of 
loam  is  smoothed  across  the  joint  at  three  or  four  convenient  points  on 
the  outside  walls  of  the  mold.  These  surfaces  are  each  marked  differ- 
ently with  the  edge  of  the  trowel,  similar  to  the  cut  at  C,  Fig.  94. 

To  properly  separate  and  finish  some  molds  it  is  necessary  to  lift 
away  a  portion  of  the  mold  before  lifting  the  main  part.  Such  a  por- 
tion is  called  a  draw-back.  The  draw-back  is  always  built  up  in 
position  against  a  pattern  or  sweep.  With  the  cover  plate,  which  on  a 
smaller  scale  often  serves  the  same  purpose,  (see  D,  Fig.  96),  a  flat 
joint  is  made  on  the  outer  wall  of  the  mold,  but  the  cover  plate  is  swept 
up  separately.  At  No.  3,  Fig.  97,  is  shown  a  draw-back  which  carries 
but  a  few  courses  of  lirick.  It  may  be  lifted  away  by  lugs  cast  in  the 
draw-back  plate  with  little  danger  of  displacing  its  brickwork  in  hand- 
ling. 

If  the  shape  of  the  draw-back  renders  it  impracticable  to  handle  it 
by  the  lower  plate  alone,  the  brickwork  should  be  bound  together  by 
means  of  hook  bolts  which  clamp  on  a  top  plate  set  sufficiently  below 
the  upper  joint  to  be  entirely  protected  from  the  metal.  This  upper 
plate  has  staples  cast  in  it  by  which  the  whole  draw-back  may  be  lifted. 
At  B,  Fig.  94,  the  typical  construction  of  such  a  piece  is  illustrated. 
The  drawing  shows  one  half  the  length  of  the  brickwork  removed  to 
bring  out  more  clearly  the  rigging  used.     The  upper  end  of  the  second 
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lifting  staple  shows  at  a,  with  the  loam  cut  neatly  away  to  allow  hook- 
ing into  the  staple. 

AVhere  the  main  core  Avill  lift  away  oi'  will  l)e  covered  with  metal 
over  its  top,  it  must  be  bound  together  in  a  similar  manner.  This  is 
illustrated  in  the  mold  for  the  marine  cylinder,  Fig.  97,  in  which  both 
of  these  conditions  occur. 

If  a  casting  has  an  internal  flange  recjuiring  tlii(.-kness  of  metal 
underneath  the  main  core,  the  rigging  will  be  altered  to  fit  these  con- 
ditions, as  shown  at  D,  Fig.  94.  In  this  sketch  a  is  a  sticker  plate  and 
so  will  carry  the  loam  necessary  to  face  the  bottom  of  the  core.  To 
this  the  small  bearing  plate  h  is  securely  bolted  by  the  hook  bolt  c. 
This  plate  nuist  set  directly  upon  solid  brickwork,  as  it  carries  the 
weight  of  the  entire  core.  On  this  bearing  plate  are  cast  three  studs 
which  firmly  support  the  sticker  plate  at  the  re(juired  height  above  the 
flange  surface.  The  sticker  plate  carrying  this  print  is  filled  with 
loam  or  dry  sand  and  given  a  first  baking,  then  swept  to  a  finished 
surface  before  ))eing  inverted  into  position.  Tlien  the  remainder  of 
the  core  is  built  up  on  top  and  bound  together  as  in  the  pre^•^ous  ex- 
ample. Another  way  to  form  the  bottom  of  this  core  is  to  sweep  uj)  a 
dummy  flange,  d,  in  mud.  Set  the  bearing  plate  h  and  work  in  \he 
loam  around  the  studs  to  form  the  short  "neck"  to  the  level  of  the  t(jp 
of  the  flange.  Then  spread  over  this  flange  \  inch  of  loam  and  bed 
down  onto  this  the  sticker  plate  which  has  been  previously  filled  with 
loam  and  dried,  as  will  l)e  described  below\  Be  sure  that  the  studs  on 
h  bring  np  to  a  firm  l^earing  against  the  plate  a,  then  clamp  tight  with 
hook  bolts  and  proceed  to  sweep  up  the  body  of  the  core. 

In  case  a  cover  plate  mu.st  be  bedded  down  against  a  Hat  surface, 
as  in  the  example  just  mentioned,  or  must  take  the  impression  of  an 
irregular  surface  on  the  top  of  a  mold  or  pattern,  as  illustrated  in  Fig. 
97,  the  method  to  pursue  is  as  follows:  After  casting,  invert  the  plate 
and  carefully  lower  it  into  position  and  make  sure  that  all  fingers  clear 
the  surface  by  at  least  \  or  I  inch.  Xow  set  the  plate  with  the  fingers 
up,  fill  in  with  loam  enough  to  just  clear  their  toj)s,  leaving  the  proper 
openings  for  runners,  risers,  tie  bolts,  etc.,  and  diy  thoroughly  in  the 
oven.  Upon  removal  from  the  oven  invert  and  try  this  loam  cover 
again  on  the  surface  it  must  fit;  scraping  away  any  portions  Avhich 
project  too  much.  Now  hoist  away  the  cover  and  coat  the  face  with 
clav  wash.     Having  previously  prepared  the  surface  of  the  pattern 
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with  oil  and  any  loam  joint  with  oil  and  parting  sand,  spread  an  even 
thickness  of  frcsli  loam  all  over  and  bed  the  plate  down  upon  this. 
The  cover  plate  heiiio;  still  hot  will,  by  the  aid  of  the  clay  wash,  cause 
the  thin  layer  of  fresh  loam  to  dry  out  and  stick  fast  to  the  dry  loam 
fonnin<;  the  body  of  the  ])late. 

BUILDING  A  SIMPLE  MOLD 

As  an  example  of  a  simj)le  loam  mold  consider  a  large  casting, 
having  the  shaj)e  of  the  frustrum  of  a  cone,  with  a  flange  at  the  top  and 
bottom  and  a  flanged  iio//,le  projecting  from  one  side.  The  section  is 
clearly  shown  in  Fig.  9(). 

Set  the  sweep,  level  up  building  plate,  and  building  the  brickwork 
as  shown  in  A,  Fig.  04,  sweep  the  seat,  joint,  and  bottom  surface  of 
flange  as  shown  at  A,  Fig.  Oo.  The  lower  flange  may  be  formed  by  a 
wooden  pattern  furnished  by  the  pattern  maker,  'but  it  is  more  com- 
mon to  hav(>  the  sweep  made  with  the  small  board  x,  which  may  be 
removed.  By  doing  this  the  exact  shape  of  the  flange  may  be  swept 
up  without  changiug  tlie  main  sweep,  as  shown  at  B,  Fig.  Oo.  This 
dummy  flange,  as  it  is  called,  is  swept  up  from  fairly  stift'  "mud."  The 
next  step  is  to  seat  the  cope  ring  and  set  the  cope  sweep,  as  shown  at  (', 
Fig.  05.  This  sweep  shapes  the  mold  for  the  outside  of  the  casting, 
for  the  top  flange,  and  for  the  top  joint  of  the  mold.  Foam  is  thrown^ 
a  handful  at  a  time,  against  the  joint  and  dununy  flange,  and  the  en- 
gaging faces  of  bricks  rubbed  with  loam  and  pressed  into  position. 

When  the  top  of  the  lower  flange  is  reached  in  this  way,  the 
courses  are  laid  up  for  about  two  feet  before  the  loam  is  spread  upon 
their  inner  surface  and  struck  off.  This  method  is  pursued  until  the 
mold  is  built  to  its  full  height. 

The  ])r()jecting  nozzle  is  formed  by  a  wooden  pattern;  this  should 
be  well  oiled,  and  the  brickwork  and  loam  laid  up  under  it  to  support 
it  at  the  proper  level,  as  given  by  the  center  line  on  the  pattern  and 
corresponding  line  on  the  sweep.  Such  projections  frequently  must 
be  supported  in  exact  position  by  temporary  wooden  framework  or 
"skeleton"  work  until  the  mold  is  built  up  under  them. 

A  flnger  i/  nailed  to  the  top  member  of  the  cope  sweep,  shapes  the 
guide  surfaces  on  the  outside  of  the  mold  which  are  used  to  center  the 
cover  plate  in  closing  the  mold.     A  similar  finger  exactly  the  same 
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distance  from  the  spindle,  is  fastened  to  the  sweep  used  to  form  the 

cover  plate. 

After  the  finishing  coat  of  slip  has  been  swept  on  the  surface  of 
the  cope,  a  joint  surface  about  4  inches  wide  is  struck  off  flush  with  the 
outer  face  of  the  nozzle  and  that  pattern  is  drawn  out. 

Then  the  whole  cope  is  lifte.l  oif  and  set  on  iron  supports  where  it 
may  be  conveniently  finished  with  black  wash  and  slicks.  It  is  tber 
baked  over  night  in  the  oven 

The  dummy  flange  is  now  entirely  removed  from  tlie  first  part 
swept,  the  core 'sweep  is  set,  see  D,  Fig.  95,  and  the  center  core  is 
struck  up.  This  core  is  then  blackened,  slicked  off  and  baked.  The 
cover  plate  is  struck  off  with  the  "stickers"  up,  and  baked  so.  This 
cover  carries  six  1-inch  round  holes  through  it.  These  holes  will  be 
just  over  the  shdl  of  the  metal  when  the  mold  is  closed.  Five  of  them 
connect  with  the  pouring  basin  and  serve  as  runners,  while  the  sixth 

serves  as  a  riser. 

In  assembling  the  mold  for  pouring,  the  c-ore  is  first  set  on  a  level 
bed  of  sand,  the  cope  is  accurately  closed  over  it  ])y  the  aid  of  the  guide 
marks,  and  lastly  the  cover  plate  is  closed  in  position.  Now  the  whole 
mold  is  firmlv  clamped  by  blocking  under  the  spider,  from  which 
wrought  in^i  loops  or  "strings"  connect  under  the  lugs  of  the  building 
plate,  as  shown  in  P'ig.  0(1 

The  smaU  core  for  the  nozzle  is  now  set,  resting  on  stud  chaplets. 
The  c-over  plate  D  is  slid  over  the  end  of  this  core  and  thus  holds  it 
firmlv  in  position. 

The  casing  is  now  j^laced  around  the  mold  and  molding  sand 
rammed  in  to  support  the  bricks  against  the  casting  pressure.  At  the 
level  of  the  nozzle  core,  cinders  are  placed  and  a  pipe  leads  off  to  carry 
away  the  vent  gases.  The  sand  is  rammed  to  about  12  inches  over  the 
cover  plate  and  in  it  are  cut  the  channels  connecting  the  pouring  basm 
and  runners.  A  couple  of  bricks  are  set  in  the  l)ottom  of  the  basm 
to  receive  the  first  fall  of  metal  from  the  ladle. 

In  pouring,  the  runners  must  be  fioodc.l  at  once  and  kept  so  until 

the  mold  is  full.  j 

In  heavv  cvlindrical  castings  it  was  fcjrnicrly  thought  necessary  to  j 

carKv  the  shell  of  the  casting  some  6  inches  higher  than  the  top  flange,  j 

This  "head"  served  to  collect  all  <lirt  an<l  slag  that  perchance  entered  i 
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the  mold  with  the  Won.  It  was  cut  oil"  in  tlie  iiiachiiie  shop  and 
returned  to  the  foundry  as  scrap. 

V>'ith  the  increased  knowledi:fe  of  iron  mixtures  tliis  liead  is  now 
done  away  with  in  most  instances. 

Where  a  large  casting  is  to  finish  practically  all  over,  and  very 
dean  metal  is  therefore  necessary,  overflow  channels,  connecting  with 
pij;  ])C(h,  are  often  constructed  in  modern  practice.  Then  when  pour- 
in<j;,  the  metal  is  not  stopped  until  a  certain  percent  of  it  has  been 
(lowed  entirely  through  the  mold.  This  of  course  tends  to  wash  out 
any  dirt  which  may  have  gotten  into  the  mold  when  pouring  began. 

When  the  casting  is  cold  the  casing  and  packing  sand  are  removed, 
as  well  as  the  blocking  under  the  spider.  Then  the  whole  mold  is 
carried  to  the  cleaning  shed  where  the  l)ricks  are  removed  and  the 
casting  (-leaned. 

BUILD  I  NO  AN  INTRICATE  MOLD 

As  an  example  of  a  complex  piece  of  loam  work,  let  us  consider 
the  mohhng  of  a  modern  marine  engine  cylinder,  as  shown  in  section, 
Fig.  97.  The  example  given  is  that  of  a  double-ported  low-pressure 
cylinder  of  a  triple  expansion  type.  In  this  case  a  full  wooden  pattern 
should  be  built,  with  core  l)oxes  for  the  various  dry  sand  cores  that 
enter  into  the  construction  of  the  mold. 

The  limits  of  this  paper  prevent  our  going  into  great  detail  in  this 
matter;  we  will,  therefore,  confine  ourselves  mainly  with  an  explana- 
tion of  the  drawing,  Fig.  97.  The  heavy  building  plate  has  a  spindle 
opening  somewhat  to  one  side  of  its  middle  to  be  under  the  center  of 
the  cylinder.  Upon  this  building  plate  the  foundation  of  the  mold  is 
swept,  carrying  the  seat  for  the  cope  ring,  the  bottom  face  of  the  flange, 
and  the  seat  for  the  main  cylinder  core.  The  cope  ring  Xo.  1  is  made 
wide  enough  on  one  side  to  carry  that  part  of  the  mold  forming  the 
steam  chest.  The  main  cylinder  core  No.  2,  the  construction  of  which 
has  already  been  explained,  is  next  swept  up  and  lifted  away,  finished 
and  baked.  Now  the  cope  ring  is  seated  and  the  meld  built  and  struck 
off  for  the  bottom  of  the  steam  chest  on  a  level  with  the  bottom  face  of 
flange.  Then  the  pattern  may  be  set.  Its  position  is  accurately  de- 
termined by  the  main  cylinder  print  and  the  smaller  prints  of  the  steam 
chest  which  are  bedded  into  the  loam  in  accordance  with  measure- 
ments along  a  radial  line  marked  ofY  on  the  loam  surface.     W^ith  the 
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pattern  well  oiled  the  cope  is  built  to  tlie  height  of  the  upper  flange 
of  cylinder;  the  entire  back  of  the  steam  chest  core  print  being  left  open. 
The  top  of  the  steam  chest  is  lifted  oflt"  with  the  draw-back  No.  3,  which 
joints  at  the  middle  of  the  upper  steari  nozzle,  and  carries  that  part 
of  the  mold  to  the  level  of  the  main  cope  joint.  The  two  steam  nozzles 
and  the  exhaust  nozzle,  may  be  maae  w^ith  separate  cores  as  explained 
in  D,  Fig.  96.  By  using  the  draw-back  the  entire  top  of  the  chest  core 
print  is  left  open  for  conveni'ince  in  setting  the  chest  and  port  cores. 

The  top  of  the  cylinder  is  jacketed,  and  through  it  pass  the  stuflSng 
box  and  manhole  openings.  The  flanges  of  these  two  openings  con- 
nect and  in  the  pattern  are  left  loose.  The  whole  top  surface  is  so 
irregular  that  it  requires  three  levels  of  sticker  plates  to  mold  it,  aside 
from  two  small  cover  plates  over  flanges. 

To  the  main  cover  No.  4-4-4-4  with  its  various  length  of  fingers, 
is  bolted  a  "crab"  5-5-5  to  cslttj  the  loam  below  the  flanges  of  the  stuff- 
ing box  and  manhole;  and  below  this  again  are  hung  the  dry  sand 
cores.  No.  8-8-S,  forming  the  jacketed  part  of  the  cylinder  head.  On 
top  of  the  main  cover  is  fastened  a  separate  plate.  No.  6,  to  shape  the 
top  of  the  upper  steam  inlet.  And  at  No.  7  a  plate  with  wrought  iron 
bars  cast  along  its  edge  carries  the  loam  back  of  the  steam  chest  flange. 
Tlie  small  cover  plates.  No.  9  and  No.  10,  allow  the  flanges  to  be  drawn 
for  the  parts  which  they  mold. 

The  pattern  is  made  in  many  parts  so  as  to  properly  draw  from 
the  mold.  When  this  has  been  done,  all  mold  surfaces  are  carefully 
blackened  and  slicked  before  baking. 

While  the  mold  proper  is  bein^-  built,  the  dry  sand  cores  should  be 
made  up  by  the  core  makers,  with  the  necessary  rods,  hangers,  vent 
cinders,  etc.,  as  described  under  Core  Making. 

The  manhole  core.  No.  11,  is  made  with  a  stop-off  piece  in  the 
box  to  give  the  proper  angle  at  the  bottom  of  the  core.  It  is  hung  to 
the  cover  and  clears  the  main  core  by  ^  inch.  The  stuffing  box  core 
rests  in  a  print  in  the  main  cylinder  core,  and  is  held  by  a  taper  print 
in  the  cover  plate.  No.  10. 

The  jacket  cores  are  hung  as  shown.  The  openings  made  in  the 
loam  above  the  crab,  to  allow  the  hook-bolts  to  be  drawn  up  tight,  are 
stopped  off  with  green  sand  as  previously  described.  The  inlet  cores 
No.  12-12,  the  exhaust  core,  No.  13,  and  the  lightening  cores.  No. 
14-14-14,  are  all  bolted  directly  through  the  steam  chest  core.  No.  15, 
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to  horizontal  l)ars  wliicli  are  l(jng  cnoii<^h  to  hear  against  tlie  sides  of 
the  mold  at  the  baek.  The  upper  inlet  core,  No.  12,  is  kept  from  lift- 
ing under  the  pouring  strain  by  being  bolted  to  the  body  of  the  main 
cylinder  core.  Stud  chaplets  are  also  set  between  the  mlet  and  ex- 
haust cores  to  ensure  correct  thickness  of  metal  at  these  points. 

The  vent  is  taken  off  from  the  main  cylinder  core  through  the 
stuffing  box  core  at  the  top.  Sometimes  a  small  ladle  full  of  metal  is 
poured  through  this  opening  when  the  piece  is  being  poured  to  ensure 
lighting  these  gases.  The  vent  for  the  series  of  port  cores  is  taken  off 
by  ramming  a  cinder  bed  up  the  entire  back  of  the  steam  chest  core, 
allowing  the  gases  to  escape  at  the  top.  For  safety,  also,  vents  are 
taken  from  the  bottom  of  the  port  and  chest  cores  by  the  usual  pipe 
vent. 

The  provision  for  pouring  this  mold  requires  especial  attention. 
Notice  the  construction  of  the  main  basin,  No.  16.  The  long  runner, 
No.  17,  leading  to  the  bottom  gate,  is  left  open  on  one  side  when  the 
mold  is  built  so  that  it  may  be  easily  finished  and  kept  free  from  dirt. 
Its  open  side  is  closed  by  cover  cores  when  the  mold  is  rammed  up. 

Ten  or  twelve  small  gates  like  No.  IS  are  connected  by  semi- 
circHlar  channels  with  the  pouring  basin,  but  so  placed  that  no  metal 
shall  fall  on  a  core.  With  the  basin  arranged  as  shown,  the  bottom 
part  of  the  mold  is  first  flooded  with  iron.  When  this  has  been  done 
the  metal  is  poured  in  faster  so  that  hot  iron  is  well  distributed  around 
the  shell  of  the  casting  through  the  small  top  gates.  Should  the  mold 
be  poured  at  first  from  these  top  gates,  the  fall  of  the  iron  through  the 
full  height  of  the  cvlinder  to  the  lower  flancre  miijht  result  in  "cutting" 
the  Icjam  on  that  surface. 

Molds  of  this  size  are  usually  rammed  in  a  pit  so  as  to  luring  the 
pouring  basin  conveniently  near  the  floor.  The  portion  aV)ove  the 
floor  level  is,  of  course,  rammed  inside  a  casing,  as  descrilied  in  the 
previous  example. 

To  guard  against  uneven  cooling  strains  in  this  intricate  casting, 
the  ciampnig  pressure  on  the  mold  is  relieved  when  the  metal  has 
solidified,  but  the  sand  is  not  removeii  from  around  the  l)rickwoik  for 
several  davs.     This  allows  verv  gradual  even  cooling. 

It  will  be  noticed  that  the  piston  tloes  not  work  directlv  upon  the 
inner  walls  of  this  type  of  cylinder.  A  separate  hollow  shell  or  linmg 
IS  cast  of  strong,  tough  iron.     This  has  outside  horizontal  ribs  at  top 
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and  bottom  and  middle,  which  arc  turned  to  fit  eorresponcHngly  jm-o- 
jecting  ribs  seen  on  the  inside  of  tlie  casting  just  under  consideration. 
An  air  space  is  thus  left  between  lininc:  and  main  c-astino;  w  hich  forms  a 
jacket  around  the  bore  of  the  cylinder. 

MELTING 

The  subject  of  melting  the  metal  which  is  to  be  poured  into  molds  is 
one  of  the  most  important  considerations  in  the  foundry.  It  is  also  one 
which  has  received  much  attention  in  th(>  last  few  years,  the  endeavor 
beino-  to  ffet  awav  from  the  old  rule-of-thumb  methods  and  to  arrive 
ill  the  iron  foundry  at  something  near  the  precision  in  resulting  metal 
that  is  already  attained  in  the  brass  shops  or  the  steel  foundry. 

The  heat  for  all  melting  is  obtained  from  practically  the  same 
two  chemical  elements— namely,  carlmn  and  oxygen,  carbon  coming 
from  the  fuel,  be  it  coal,  coke,  oil,  or  gas;  and  oxygen  coming  from 
the  air  of  the  blast. 

The  design  of  the  furnace,  the  kind  of  fuel  used,  and  the  applica- 
tion of  the  blast,  vary  in  accordance  with  the  peculiar  properties  of  the 
different  metals  and  the  degree  of  heat  required  to  melt  them. 

The  melting  of  steel  and  of  copper  alloys  will  be  dealt  with  under 
separate  headings.    We  shall  now  consider  (Mily  the  melting  of  foundry 


n-ons. 


Foundry  iron  is  melted  in  direct  contact  with  the  fuel  in  a  cupola 
furnace.  The  name  was  derived  from  the  resemblance  of  the  furnace 
to  the  cupola  formerly  very  common  on  the  top  of  dwelling  houses. 

The  cupola  consists  of  a  circular  shell  of  boiler  plate  lined  with  a 
double  thickness  of  fire  brick  and  resting  on  a  square  bedplate  with 
a  central  opening  the  size  of  the  inside  of  the  lining.  This  bottom 
is  supported  some  3\  feet  above  a  solid  foundation,  on  four  cast-iron 
legs.  The  bottom  opening  may  be  closed  by  cast-iron  doors,  which 
swing  up  into  position,  and  are  held  so  by  an  upright  iron  bar  placed 
centrally  under  them.  These  doors,  protected  by  a  sand  bed,  support 
the  charge  during  the  heat,  and  "drop"  it  out  of  the  furnace  when  all 
the  iron  has  been  melted.  The  legs  curve  outward  and  the  doors  are 
hinged  as  far  back  as  possible  to  protect  them  as  much  as  can  be  from 
the  heat  of  this  "drop."  Several  feet  above  the  bottom,  there  is  a 
door  in  the  side  of  the  stack,  through  which  the  stock  is  charged  into 
the  furnace.     At  one  side,  level  with  the  bottom,  is  the  breast  opening, 
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at  whicli  place  the  fire  is  liglited,  and  in  wliicli  the  lap-hole  is  formed 
for  drawing  off  the  melted  metal.  The  spout,  protected  by  a  fire-sand 
mixtiu'e,  projects  in  front  of  the  l>reast  and  guides  the  metal  into  the 
ladles.  Oblong  openings  called  tuyere.s,  are  placed  about  12  inches 
above  the  bed,  and  connect  with  an  air-tight  wind-box  which  sur- 
rounds the  outside  of  the  stack  near  the  ba.se.  The  tuyeres  direct  the 
blast  into  the  fuel,  increasing  the  heat  sufficiently  to  melt  the  charge. 
Opposite  each  tuyere  is  an  air-tight  sliding  gate  with  a  peephole. 
This  allows  the  melter  to  look  directly  into  the  furnace. 

In  the  larger  cupolas  a  second  .set  of  tuyeres  is  arranged  al^out 
U)  inches  above  the  main  ones.  They  are  used  when  long  heats  are 
run  off,  to  make  up  for  loss  of  wind  caused  by  the  main  tuyeres  be- 
coming partially  choked  by  .slag.  On  cupolas  over  36  inches  inside 
lining,  a  slag-hole  is  provided.  This  is  similar  to  the  tap-hole,  and  is 
placed  opposite  the  spout  and  about  2  inclies  lower  than  the  main 
tuvcres.  Fig.  OS  shows  a  .section  through  a  modern  cupola  furnace, 
and  will  need  l)ut  little  further  explanation. 

In  lining  the  stack,  the  layer  next  the  shell  is  usually  made  of 
boiler-arch  brick  about  the  size  of  regular  fire  brick.  These  are  .set 
on  end,  and  should  be  fitted  as  tightly  together  as  possible,  and  laid 
in  a  thin  fire  cement,  made  of  very  refractory  fire  clay  and  fine,  sharp 
silica  sand.  The  object  is  to  fill  every  crevice  with  a  highly  refractory 
material.  Specially  made  curved  fire  brick  can  be  purchased  for  the 
inside  lining,  although  some  foundrymen  use  the  arch  brick  for  this 
lining  as  well.  The  lining  over  the  tuyeres  is  shaped  to  overhang  them 
slightly,  to  prevent  melted  slag  dropping  into  them  during  the  heat. 
The  lining  burns  out  quickest  about  22  inches  above  the  tuyeres  at 
what  is  practically  the  melting  zone.  The  angle  shelves  riveted  to 
the  shell  (see  cut)  allow  this  section  of  the  lining  to  be  renewed  without 
disturbing  the  rest  of  the  .stack. 

The  height  of  the  tuyeres  above  the  l)ed  varies  with  the  class  of 
work  to  be  poured.  Where  the  metal  is  tapped  and  kept  running  con- 
tinuously and  is  taken  away  by  hand  ladles,  as  in  stove-plate  work, 
the  tuyeres  are  as  low  as  S  inches  or  10  inches  above  the  bed;  while  in 
shops  where  .several  tcMis  of  metal  may  be  recjuired  to  fill  one  mould, 
the  tuyeres  are  as  high  as  18  inches  above  the  bed.  The  height  of  the 
spout  above  the  molding  floor  also  varies  in  the  same  way;  for  hand 
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Fig.  98.    Section  Through  Cupola  Furnace. 
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ladle  work  it  may  be  hut  IS  inches  above  the  floor,  while  a  height  of 
5  or  0  feet  may  be  recjuired  to  serve  the  largest  crane  ladles. 

The  accompanying  table,  prepared  by  Dr.  Edwin  Kirk,  gives 
the  approximate  height  and  size  of  charging  door  and  the  practical 
melting  capacity  of  cupolas  of  different  diameters: 

. TABLE 
Dimensions  and  Capacities  of  Cupola  Furnaces 


Diameter, 
Inside 
Lining 

Height 
OF  Cupola 

Size  of 
Charging  Dock 

Melting 
Capacity 
Feb  Hour 

Melting 
Capacittt 
Fer  Heat 

Inches 

Feet 

Inches 

Tons 

Tons 

18 

6-7 

15  X  18 

^-K 

1-2 

20 

7-  8 

18  X  20 

H-  1 

2-  8 

34 

8-  9 

20  X  24 

1-  2 

3-  5 

30 

9-13 

24  X  24 

2-  5 

4-10 

40 

13-15 

30  X  36 

4-  8 

8-20 

50 

15-18 

30x40 

6-14 

15-40 

60 

16-30 

30  X  45 

8-16 

25-60 

A  platform  or  scaffold  is  constructed  at  a  convenient  level  below 
the  charging  door,  and  all  stock  is  charged  into  the  cupola  from  this 


Fig.  99.    Fan  Blower. 

platform.     It  should  be  at  least  large  enough  to  store  the  stock  for  the 
first  two  charges  of  fuel  and  iron. 

Blast  for  the  cupola  is  furnished  by  either  a  fan  blow  er  or  a  pres- 
sure blower.  Fig.  99  shows  a  modern  fan  blower,  the  blast  wheel  for 
the  same  being  shown  at  A.     The  high  speed  of  the  blades  forces  the 
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air  by  centrifugal  action,  away  from  the  center  of  the  shaft.  Tlie 
casing  is  so  designed  that  the  blades  "cut  off"  as  it  were  at  the  top  of 
the  main  outlet,  the  air  being  thus  forced  through  the  blast  pipe.  The 
current  of  air  is  continually  being  drawn  into  the  fan  through  the  cen- 
tral opening  around  the  shaft. 

An  idea  of  the  speeds  at  which  blowers  should  run  may  be  ob- 
tained from  the  following  data:  An  18-inch  blower,  at  a  .speed  of 
4,100  revolutions  per  minute,  gives  5  ounces  pressure;  a  24-inch  at 


Vi".  1(10.     Pressure  Blower. 


3,750  revolutions  per  minute  gives  0  ounces  pressure;  a  30-inch,  at 
2,900  revolutions  per  minute  gives  10  ounces  pressure;  a  4S-inch,  at 
2,000  re' olutions  per  minute  gives  14  ounces  pres.sure. 

Since  air  is  very  elastic,  anc'  the  pressure  in  this  case  depends 
entirely  upon  the  centrifugal  action  of  the  blades,  should  the  tuyeres 
become  clogged,  the  amount  of  air  forced  into  the  furnace  will  be  re- 
duced proportionately.  On  the  other  hand,  it  re(iuires  less  power  to 
operate  the  fan  with  reduced  area  of  outlet  than  it  does  when  the  dis- 
charge is  o[)cn  free 

In  the  pressure  blower  shown  in  Fig.  100,  the  action  is  positive, 
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as  will  be  seeii  from  the  sectional  view  (A,  Fig.  lOOj.  The  wipers 
mesh  into  each  other  in  such  a  way  that  they  entrap  a  quantity  of  air 
and  force  it  out  of  the  opening. 

The  full  quantity  of  air  is  therefore  forced  through  the  tuyeres  ut 
all  times.  In  such  case  the  power 
necessary  to  operate  the  blower  in- 
creases as  the  tuyeres  become 
choked  and  the  excessive  force  of 
the  blast  due  to  choked  tuyeres  is 
hard  on  the  lining  of  the  cupola. 

The  cupola  should  have  a  blast- 
gauge  attached  to  the  wind-box  to 
measure  the  pressaire  of  air  which 
enters  the  tuyeres.  The  pressure 
should  be  sufficient  to  force  the  air 
into  the  middle  of  the  cupola  to 
insure  complete  combustion.  The 
unit  of  air-pressure  is  one  ounce. 
From  8  to  IG  ounces  is  approxi- 
mately the  range  usual  in  cupolas  of 
from  48  inches  to  70  inches  inside 
lining. 

This  pressure  is  measured   by         ^-^^=^^ 

il        r      1  J.      c  X  FiR.  101.    Wind  Gauges. 

the  tlisplacement  ot  water  or  mer- 
cury in  a  U-shaped  tube.     With  both  legs  of  the  tube  the  same  size 
as  in  Fig.  101,  the  graduations  on  leg  A  represent  the  pressure  of 
double  that  height  of  licjuid,  as  follows: 
i    With" tra/cr.-  1.73  inche.s  height  =  1  oz.  pressure;  then  graduations  equal 


—/O 

—9 

—8 

—  7 

—  6 
—5 

3 

■2 
3— "7 


xr/a 
te 

^/2 

/o 
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L-h 


1 .735 


.865 


55 


^\'ltll  mercury:  .127  inch  lieight  =  1  oz.  pressure;  then  graduations  equal 

.127  1 

— 2"  =  .0635  in.  =  jg  in. 

As  this  would  be  too  small  for  practical  use,  mercury  gauges  are  made 
with  increa.sed  area  expo.sed  to  ])last  pres.sure  (.see  B,  Fig.  101)  and 
are  graduated  accordingly.     (Review^  chapter  on  Pressure  in  Molds.) 
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OPERATING  THE  CUPOLA 

The  follo\vin<^  routine  must  be  pursued  each  time  u  heat  is  run 
off  in  the  cupola: 

Clear  aivay  dump  from  former  heat. 

Chip  out  the  inside  of  furnace  with  special  hand-pick,  removinj-r 
the  lumps  of  slag  which  collect  (d>out  the  lower  part  of  the  cupola  walls, 
especially  above  the  tuyeres.  Where  the  slag  coating  is  comparatively 
smooth,  do  not  touch  it,  as  that  is  the  best  coating  possible  for  the 
lining. 

Daub  up  with  a  mixture  of  fire  sand  held  together  with  about 
1  to  4  fire  clay,  and  wet  with  clay  wash,  to  a  consistency  of  thick  mt)r- 
tar.  Smear  the  surface  to  be  repaired  with  clay  wash;  then,  using 
the  hands,  plaster  the  daubing  mixture  into  the  broken  spots  in  the 
lining,  being  careful  to  rub  it  in  well,  especially  about  the  tuyeres. 
The  top  of  the  tuyeres  should  be  kept  slightly  overhanging,  for  the 
reason  already  given. 

The  greater  part  of  the  daubing  will  be  required  from  the  bottom 
to  level  of  melting  zone,  about  22  inches  above  tuyeres. 

Swim/  up  bottom  doors,  and  support  by  prop  of  gas  Jjipe. 

Build  hoiiom;  fii'st  cover  doors  with  a  1-inch  layer  of  gangway 
sand  or  fine  cinders;  then  ram  in  l)urnt  sand  tempered  about  the  same 
as  for  molds.  This  must  be  rammed  evenly  all  over  the  bottom, 
and  especially  firm  around  the  edges.  Build  the  bottom  higher  at 
sides  and  back  so  that  metal  will  flow  toward  spout.  The  pitch  varies 
with  size  of  cupola;  1  inch  to  the  foot  will  answer  for  cupolas  of  24 
inches  to  30  inches  inside  lining,  while  2  that  pitch  will  do  for  the 
larger  furnaces. 

The  cupola  bottom  should  be  able  to  vent  so  that  it  will  dry  out 
quickly,  and  not  cause  the  metal  to  "boil"  before  the  furnace  is  tapped. 
It  .should  be  strong  enough  to  hold  its  surface  during  the  heat,  but 
break  and  drop  at  once  when  the  bottom  is  dropped.  Too  much  pitch 
causes  excess  of  pressure  on  the  hoti,  making  trouble  in  botting  up: 
with  too  little  pitcJi  the  metal  will  not  drain  well,  causing  a  tendency 
to  chill  at  the  tap-hole.  A  little  daubing  mixture  should  be  worked 
into  the  sand  bottom  just  inside  the  tap-hole,  to  prevent  breaking  at 
this  point  when  the  tapping  bar  is  forced  through. 

Laji  the  fire  with  shavings,  just  insifle  the  breast;  then  fine  kind- 
ling; then  enough  large  kindling  to  make  sure  of  lighting  a  layer  of 
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coke  sufficient  to  form  the  bed.  When  the  gaM>  iiom  the  lower  part 
of  the  bed  burn  up  through,  showing  that  the  fuel  is  well  lighted,  level 
np  bed  with  addition  of  a  little  more  coke;  and  put  on  first  charrjc  of 
iron.  Follow  this  with  alternate  charges  of  fuel  and  iron,  to  the  level 
of  charging  door. 

Form  tap-hole;  lay  a  bar  of  iron  about  ;  inches  round  in  the 
spout,  projecting  in  through  the  breast  opening;  fill  in  breast  around 
bar  with  a  strong,  loamy  molding  sand  rammed  hard.  Recess  this 
in  well  to  leave  actual  tap-hole  as  short  as  possible. 

Put  on  blast  when  ready  for  the  metal,  and  leave  tap-hole  open. 
Bott  up  when  the  metal  begins  to  run 
freely  (generally  about  7  minutes  after 
blast  is  on).  Tap  when  sufficient 
ni  e  t  a  1  has  collected  to  supply  first 
ladles. 

Bott  clay  should  be  mixed  with 
about  -g-  sawdust,  to  make  it  more 
fragile  when  tapping.  This  is  made 
up  in  small  balls,  and  shaped  onto  the 
end  of  the  bott-stick  (A,  Fig.  102). 
The  tapping  bar  B  has  simply  a  round 
taper  point;  C  is  a  gouge  or  spoon- 
shape,  useful  for  trimming  sides  of 
hole  if  bott  does  not  entirely  free  itself 
when  tapped. 

Wlien  all  the  iron  has  been  melted, 
drop  the  bottom,  by  pulling  away  the  bar  that  supports  the  bottom 
doors.  Throw  water  on  the  dump,  by  bucket  or  hose,  to  deaden  the 
heat,  and  leave  it  to  cool  off  over  nisrht. 


D 


Fig.  103.    Tapping  Bars. 


FOUNDRY  LADLES 

As  the  melted  metal  flows  from  the  spout  of  the  cupola,  it  is 
caught  in  ladles.  The  sizes  of  these  are  designated  by  the  weight  of 
metal  they  vrill  hold;  they  vary  from  30  pounds'  to  20  tons'  capacity. 
The  names  of  ladles  relate  to  the  method  of  car^^•ing  them.  The 
accompanying  table,  containing  references  to  accompanying  cuts, 
gives  compact  data  regarding  foundry  ladles: 
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TABLE 
Data  Regarding  Foundry  Ladles 


Capacity 
(pounds; 

Size  (inches) 

Weight 

Type  of  Ladle 

How  Managed 

Top    !  Depth  '  Botfm 

OF 

Laule 

Thickness  for  Lining 

7-8     [     7-8     1     6-7 

Hand  Ladle 

Hand  shank 

30-50 

15-16  lbs. 

A,  Fig.  103 

y* 

Side  %\   %-% 

Bull  Ladle 

B  and  C,  Fig.  103 

Single  or 
double  shank 

80-350 

9-15 

9-15 

8-13 

35-100 

Crane  or 

Trolley  Ladle 
Like  C,  with  bail 

Bail  with 
single  oi-  double         300-2,000 
shank 

14-26 

IK 

14-26 

12-23 
1-3 

115-350 

Geared  Crane 

Ladle 
Fig.  104 

Worm  gear  on 
heavy  bail 

20-75 
1,000-35,000 

2-4 

20-60 
1-4'^ 

18-66 

IV2-5 

1,900-7,000 

In  the  three  columns  under  "Size,"  the  larger  figures  give  the  dimensions  inside  of 
ladle  shells.  The  smaller  figures  refer  to  the  thickness  of  the  lining  at  the  top,  sides,  and 
bottom  of  the  ladles. 

Hand  ladles  are  made  of  cast  iron  or  pressed  steel.  The  larger 
ladles  are  built  up  of  boiler  plate.  Cast  iron  is  poured  from  the  top 
of  the  ladle,  which  should  therefore  be  provided  with  lips.  Ladles 
must  be  lined  to  protect  them  from  l)urning  through.  Up  to  one  ton 
capacity,  the  cupola  daubing  mixture  is  u.sed.  The  bowl  is  smeared 
with  thick  clay  wash,  and  the  clay  pressed  in  hard  with  the  hands, 
being  rubbed  smooth  on  the  inside.  The  lining  should  be  kept  as  thia 
as'  possible,  |  to  f  inch  on  hand-ladles,  1  inch  to  1  j  inches  on  large 
ones;  the  bottom  lining  from  ^  to  ?.  thicker  than  sides,  as  it  receives 
the  first  fall  of  the  incoming  metal. 

The  larger  ladles  are  first  lined  with  fire  l)rick  of  thickness  pro- 
portionate to  their  size,  and  then  daubed  on  inside  with  clay  mixture 
similar  to  cupola  lining.  The  lining  mu.st  be  well  dried  before  u.se,  to 
drive  out  moisture.  In  stove-plate  and  hardware  shops,  where  most 
of  the  ])ounng  is  done  with  hand  ladles,  a  special  ladle-drying  .stove 
similar  to  a  shallow  core  oven  is  provided.  A  wood  fire  is  built  inside 
of  the  larger  ladles  to  dry  them  out.  To  preserve  a  lining  as  long  as 
possible,  .slight  breaks  are  repaired  daily.  As  with  the  cupola,  the 
slag  formed  by  the  hot  metal  forms  the  best  coating  possible  for  inside 
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POURING 

The  first  thing  to  bo  considered  here  is  skimming  off  the  slag 
which  collects  on  top  of  the  metal.  This  should  he  done  on  larger 
la<lles  before  leaving  cupola,  and  again  while  metal  is  being  poured. 
For  this,  a  long  iron  rod  is  used,  with  blade  shaped  as  in  D,  Fig.  102. 
This  is  rested  across  top  of  ladle  near  lip,  and  effectively  holds  the 
slag  back;  the  long  handle  permits  the  skimmer  to  stand  well  back 


Fig.  103.    Hand  and  Bull  Ladles. 

from  the  heat  of  the  metal.  On  small  ladles,  .skimmers  are  of  course 
shorter,  and  the  end  is  bent  up  more  for  convenience,  as  the  ladles  will 
be  much  nearer  the  floor  when  pouring  with  them.. 

Hand  and  bull  ladles  are  shown  in  Fig.  10;),  while  Fig.  104 
shows  a  crane  ladle. 

Much  skill   is  re(|uired  in    pouring    a    mold.     A    niolder    must 


Ficr.  104.    Ci-ane  Ladle. 


know  the  character  of  the  work,  and  judge  whether  it  must  be  poured 
fast  or  slow.  In  general,  light  work  cannot  be  poured  too  fast.  Heav- 
ier work  is  poured  more  slowly.  Care  must  be  exercised  to  keep  the 
stream  steady  from  the  first,  and  not  spill  into  the  mold,  as  this  may 
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cause  "cold  shuts"  or  leave  "shot"  iron  in  the  castings.  The  runner 
basin  must  be  kept  full,  for  gates  and  runners/are  made  with  this 
express  purpose  in  view,  as  has  been  stated  previously. 

]\Ietal  must  not  be  allowed  to  chill  or  "freeze"  in  the  ladle,  as  this 
would  destroy  the  lining  when  it  came  to  removing  the  cold  metal. 
Metal  left  in  the  ladles  when  the  mold  is  full,  must  be  poured  back 
into  a  larger  ladle  or  emptied  into  a  convenient  pig  bed.  These  are 
built  in  a  sand  bed  usually  near  the  cupola,  or  stout  cast-Iron  pig 
troughs  or  chills  are  provided.  They  should  taper  well  on  the  inside, 
holding  about  50  pounds  each.  Some  are  arranged  to  swing  on  trun- 
nions for  convenience  in  dumping.  They  should  be  smeared  with  a 
heavy  oil  and  dusted  with  graphite,  to  prevent  the  metal  sticking  in 
them.  It  is  safer  to  heat  these  pig  molds  as  well,  so  that  no  moisture 
will  form  and  cause  a  "kick"  or  explosion  when  hot  metal  is  first  poiu'etl 
into  them. 

CUPOLA  MIXTURES 

By  this  term  is  meant  the  proportioning  of  the  various  pig  irons 
and  scrap  that  make  up  cupola  charges,  with  the  object  of  obtaining 
definite  physical  and  chemical  properties  in  the  resulting  castings. 

The  recji'-irements  of  castings  vary;  and  metal  that  would  be  good 
if  run  into  thin  stove-plate,  would  be  entirely  too  soft  for  heavy  ma- 
chine castings.  Again,  iron  that  might  answer  all  re(|uirements  of  a 
bed  plate  would  not  be  strong  and  tough  enough  for  steam  cylinder 
work.  The  one  in  charge  of  this  work,  therefore,  must  so  mix  the 
different  irons  that  his  castings  shall  be  soft  enough  to  machine  well  if 
necessarv^,  and  at  the  same  time  l^e  hard  enough  to  stand  the  wear  and 
tear  of  use. 

Formerly  the  appearance  of  the  fracture  of  a  pig  or  scrap  was  the 
sole  guide  in  determining  mixtures.  Unfjuestionably  the  fracture  uf 
iron  indicates  to  the  experienced  eye  much  as  to  its  physical  properties. 
But  this  method  of  mixing  has  repeatedly  proved  misleading. 

Representative  practice  to-day  recognizes  chemical  analysis  of 
the  various  irons  as  most  es.sential  to  the  proper  mixing.  ]\Ianv  firms 
now  buy  their  pig  iron,  and  many  other  allied  supplies,  by  specification; 
and  the  chemical  analysis  of  the  iron  must  show  that  its  various  metal- 
loids come  within  certain  limited  per  cents. 

To  imderstand,  then,  these  modern  methods,  we  must  consider 
the  subject  of  the  chemistry  of  iron. 
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CHEMISTRY  OF  IRON 

All  ck'iuent,  iii  ehciiiistiy,  is  a  form  of  mutter  wliicli  camiot  be 
decomposed,  or,  in  other  words,  cannot  l)e  broken  up  into  other  forms 
by  any  means  known  to  science. 

Iron  is  such  an  element;  but  absolutely  pure  iron  is  of  no  com- 
mercial value;  it  is  only  when  it  is  combined  with  impurities — or,  as 
we  must  recognize  them,  other  chemical  elements — that  mankind  is 
mterested  in  it. 

In  the  forms  of  iron  with  which  we  are  dealing,  pig  iron  and  cast 
ir»n,  five  elements  are  considered  as  affecting  their  physical  prop- 
erties. These  elements  are  Carbon,  Silicon,  Sulphur,  Phosphorus,  and 
Manganese. 

Carbon  is  the  most  important  and  most  abundant  of  all  the  chem- 
ical elements.  It  forms  the  principal  part  of  many  substances  in  daily 
use  about  us,  such  as  coal,  coke,  lead  pencils,  graphite  facings,  etc. 
In  its  relation  to  iron,  it  is  peculiar  in  that  it  occurs  in  iron  in  two  forms. 
One  is  in  a  chemical  comljination  forming  a  hard  substance  with  a 
fine  grain,  of  which  tool  steel  is  the  purest  type.  The  other  is  simply 
a  mechanical  mixture  forming  minute  facets  of  free  carbon  interposed 
between  the  crystals  of  the  combined  form.  It  softens  cast  iron,  but 
weakens  it  by  causing  larger  crystals  to  form.  Drawing  the  finger 
across  a  freshly  cut  surface  or  fracture  of  cast  iron,  some  of  this  free 
carbon  will  be  rubbed  off,  and  will  show  as  dirt  on  the  finger.  We 
shall  use  the  term  (/raphiie  in  referring  to  this  form  of  free  carbon,  and 
the  term  combined  carbon  in  referring  to  the  element  in  its  combined 
state. 

Silico7i  of  itself  is  a  hardening  element  in  cast  iron,  but  on  account 
of  its  marked  influence  upon  carbon  formations,  it  is  usually  considered 
a  softener.  During  the  cooling  process,  silicon  retards  the  formation 
of  combined  carbon,  thus  increasing  the  formation  of  graphite  in 
proportion  to  the  increase  of  silicon.  At  the  same  time,  through  its 
own  influence  on  iron,  it  preserves  the  fine  character  of  the  grain,  and 
so  maintains  the  strength  of  the  casting.  In  other  words,  within  cer- 
tain limits,  the  addition  of  silicon  softens  castings  without  impairing 
their  strength.  It  makes  iron  run  more  fluid,  and  reduces  shrinkage. 
Sihcon  varies  in  castings  from  1.50  to  2.50  per  cent. 

Sulphur  is  the  most  injurious  element  in  iron.     It  makes  castings 
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hard,  red-short,  and  tends  to  the  formation  of  blow  h(jles.  At  the 
melting  temperature,  iron  will  absorb  sulphur  from  the  fuel — a  decided 
reason  why  foundry  coke  should  be  as  free  as  possible  from  this  ele- 
ment.    Sulphur  in  castings  should  not  exceed  .07  per  cent. 

Phosphorus  tends  to  make  iron  run  very  fluid  when  melted.  It 
is  a  hardener.     For  machine  castings  it  should  not  exceed  1  ])er  cent. 

Manganese  strengthens,  and  of  itself  hardens  iron.  Chemists 
are  beginning  to  consider  its  proportions  more  carefully,  in  the  belief 
that  under,  certain  conditions  it  acts  as  does  silicon,  softening  the  cast- 
ings while  retaining  their  strength.  It  is  usual  to  keep  it  below  .5  per 
cent. 

The  strength  of  a  casting  and  the  finish  which  it  is  capable  of 
taking,  are  largely  dependent  upon  its  having  a  fine,  even  grain.  We 
have  seen  that  the  proportions  between  the  combined  carbon,  the 
graphite,  and  the  silicon  have  decided  influence  upon  this  condition. 
But  the  rate  of  cooling  must  also  be  taken  into  account.  A  thin  casting 
cools  rapidly,  tends  to  increase  the  combined  carbon,  and  without 
the  influence  of  silicon  would  be  hard  and  ])rittle.  In  a  heavy  casting, 
the  metal  stays  licpiid  longer,  more  graphite  is  llirown  off,  and  the 
casting  is  naturally  softer. 

Therefore  light  work  recjuires  a  larger  proportion  of  silicon  to 
counteract  the  effect  of  the  rapid  cooling  than  does  larger  work. 

Modern  practice  makes  daily  analysis  for  the  two  carbons,  the 
silicon,  and  the  sulphur,  occasionally  testing  for  the  other  elements  to 
.see  that  they  are  kept  within  their  safe  limits.  Silicon,  however,  is 
used  as  the  guide  for  regulating  mixtures.  The  following  shows  good 
proportions  of  silicon  for  different  classes  of  work: 

Steam  c-ylinders 1.70  per  cent 

Medium  heavy  work  (i  ineh  to  2  inches  thickness) .  .2.0 
J.ight  work  (less  than  \  incli  thickness) 2..'J0   " 

A  more  complete  analysis  of  results  to  be  aimed  for  is: 

Si.  P.              S.                    Mn. 

Automobile  cylinders 2.2.')  1.  .07c  .5  per  cent 

Corliss  engine  cylinders  {li  to  li  inches  Below  Below 

thickness) ' 1 .20-1 .70  .1        .095                "     '■ 

To  calculate  for  any  result,  we  must  first  know  the  analysis  of  tiie 
irons  to  be  used  in  making  the  charge.  We  shall  consider  silicon  as 
the  guidco 


250 


FOUNDRY  WORK  97 


"With  a  firm  keeping;  track  of  results,  the  proportion  of  siHcon  in 
their  "home"  scrap  can  be  accurately  estimated.  With  mi.scellaneous 
machinery  scrap,  thi>  is  more  difficult.  The  following,  however,  are 
Siife  estimates: 

Small,  thin  scrap 2      -2.4  per  cent 

Large  scrap  ranges 1.50-2      "      " 

The  analysis  of  pig  iron  is  made  from  drillings  taken  from  a  fre.sh 
fracture.  Between  the  ver^-  fine  grain  about  the  chilled  sides  of  the 
pig,  and  the  very  coarse  grain  in  the  center,  average-sized  cn,^stals  will 
be  noticed  in  the  fracture.  It  is  here  that  the  drillings  for  analysis 
shouKl  be  made,  as  indicated  in  Fig.  105. 
About  a  f-inch  flat  drill  is  best  to  use,  as  it 
cuts  a  more  uniform  chip  from  the  varying 
grade  of  pig  than  does  a  twist  drill. 

To  determine  the  analysis  of  a  carload 
lot  of  pig  iron,  the  following  method  is  em- 
ployed. Select  ten  pigs  which  will  repre- 
sent an  average  of  the  close,  medium,  and  ^'-'  "'  ^'' '^■"'■^  ^"'■''°°- 
coarse-grained  iron  in  the  car.  These  pigs  should  be  broken,  and 
drillings  taken  from  the  fresh  fracture.  The  drillings  from  these  ten 
fractures  are  thoroughly  mixed  together,  and  about  two  ounces  bv 
weight,  or  a  large  tablespoonful  by  measure,  is  sufficient  for  the  chemi- 
cal analysis.  The  result  is  taken  for  the  average  analysis  of  the 
carload. 

The  smaller  foundries  who  do  not  employ  a  chemist  can  get  a 
good  working  analysis  of  their  iron  from  the  furnace  from  which  it  is 
bought.  Or,  in  many  cases,  sample  drillings  are  sent  to  a  practicing 
chemist. 

The  proportions  of  silicon  and  sulphur  contained  in  the  ordinary 
grades  of  pig  iron  are  approximately  as  follows: 


Grade 

SiLlCOK 

SCLPHrB 

Ferro-silicon 

7      -12      per 

cent 

.03  per  cent 

Sih-erj' 

3-5 

ii 

.08    "      " 

No.  1  Foundry 

2.50-  2.90  " 

" 

.03    "      " 

Xo.  2       " 

1.95-  2.40  " 

" 

.04    "      "• 

No.  3       " 

1.40-  1.90" 

II 

.05    "      " 

AMien  Ave  have  the  analysis  of  our  iron,  we  can  proceed  to  cal- 
culate the  mixture,  bearing  in  mind  that  some  of  the  silicon  will  be 
burned  out  of  the  iron  during  the  heat-     From  =15  to  .25  per  cent  is  a 
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fair  estimate  for  this  loss  in  cupolas  ranging  from  36  inches  to  72  inches 

inside  linincr.     This  loss  must  be  deducted  from  the  final  estimate. 

It  is  proposed  to  make  a  mixture,  using  three  of  the  following 

irons,  for  miscellaneous  machinery  castings  which  rec[uire  about  2 

per  cent  silicon.     And  wc  wish  to  use  one-half  scrap: 

Silvery  4       per  cent 

No.  1  Fouudrj'  2. 05 

No.  2       "  2.22   "      " 

No.  3       '•  1.75   "      " 

Scrap       "  2.00   "       " 

The  student  should  be^tr  in  mind  that  the  sign  of  per  cent  means 
-j-^  =  .01.  To  nuiltiply  a  whole  number  ])y  per  cent,  set  the  point 
two  places  to  the  left;  thus  35  per  cent  of  5,000  =  .35  X  5,000  =  1,750. 

To  multiply  per  cent  by  per  cent,  set  each  point  one  place  to  the 
left  before  multiplying  and  the  result  may  be  expressed  as  per  cent ; 
thus  25  %  of  35  %   =  2.5  X  3.5  =  8.75  per  cent. 

Then   we  have: 

ABC  D 

No.  1  25.  %  X  2.65  %  =  .6625  % 
No.  2  20.  %  X  2.22  %  =  .4440  % 
No.  3  5.  %  X  1.75  %  =  .0875  % 
Scrap      50.  %  X  2.00  %  =  1.0000  % 

Total,   100.  %  of  charge  has  2.194    %  Silicon  content. 
Deducting  for  loss  in  heat        .20       <^, 

1.994     '|/(,  Kstimati'cl  silicon  in  result. 

Or,  with  a  Xo.  2  iron  and  Silvery: 

ABC  D 

No.  2  45.  %  X  2.22  %  =  .999  % 
Silvery  5.  %  X  4.00  %  =  .200  % 
Scrap    50.  %  X  2.00  %  =  1.000  % 

Total,  100.  %  of  charge  has  2.199  %  Silicon  content. 
Deducting  for  loss  in  heat  .17 

2.029  %  Estimated  silicon  in  result. 

In  these  examples,  column  A  is  the  kind  of  iron;  B,  per  cent  of  this  iron 
used  in  charge:  C,  per  cent  of  silicon  in  single  grade  of  iron:  D,  per  cent  of 
silicon  to  whole  charge  as  supplied  by  each  grade. 

One  or  more  per  cents  in  column  B  are  usually  decided  upon  before  begin- 
ning calculations,  and  then  the  others  arc  varied  until  the  desired  silicon  con- 
tent is  obtained. 

With  this  as  a  guide,  it  is  a  simple  matter  to  find  the  actual  weight 
for  each  grade,  to  make  up  any  size  of  charge.     For  example,  we  wish 
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to  put  r>,()()()  Ills,  nn  hc(\  and  3,000  lbs.  on  other  (■li;ii-;4rs,  usin;;  first 
iiiixtiirc- 

Frc^ni   colinnn   1).  Bed.  ()tli('r  cliai^rs. 

No.  1     2.")  %  X  o,UUU  =  ],2:)()  ll)s.  ToO  ll.s. 

Xo.  2     20%  X  5,000  =  1,000    "  (iOO    " 

Xo.  ;]       .-)  %  X  5,000  =     250   "  150    " 

Scrap    50  %  X  5,000  =  2,500   "  l,m    " 

o7)00  lbs.  37)00  11)8. 

PRINCIPLES  OF  MELTING 

Combustion  cannot  take  place  without  oxygen,  of  which  the  air 
is  the  most  abundant  source  of  supply.  For  example,  in  the  incan- 
descent electric  light,  a  strip  of  carbon  is  heated  to  a  white  heat; 
but  it  does  not  consume,  or  burn  up,  because  all  air  has  been  exhausted 
from  within  the  globe. 

In  the  cupola  furnace,  both  coal  and  coke  are  used  as  fuel.  They 
consist  largely  of  carbon,  and,  after  being  lighted  by  the  kindlings, 
are  kept  at  a  glowing  red  heat  l)y  the  natural  draft  through  the  open 
tuyeres.  The  blast  supplies  the  oxygen  necessary  for  a  melting  heat. 
The  quantity  of  air  forced  in  by  the  blast  cannot  be  entirely  taken  up 
by  the  layers  of  fuel  immediately  above  the  tuyeres;  thus  complete 
combustion  does  not  take  place  until  a  distance  of  IS  to  23  inches  above 
the  tuyeres  is  reached.  This  is  termed  tlie  melting  zone.  Tt  is  the 
aim  of  the  melter  to  keep  the  top  of  his  ]»ed  as  nearly  as  possible  at 
this  level,  so  that  the  iron  resting  on  it  sjiall  be  exposed  to  this  intense 
heat  and  melt  rapidly. 

As  the  fuel  of  the  ])ed  l)urns  away,  this  level  tends  to  be  lowered. 
But  the  iron  on  top  of  it  melts,  and  drops  to  the  bottom  of  the  cupola; 
and  the  subsecjuent  charge  of  coke  restores  the  level  of  the  bed  for  the 
next  charge  of  iron;  and  so  on. 

FLEL 

Both  anthracite  coal  and  foundry  coke  are  used  in  the  cupola. 
Coal,  owing  to  its  density,  will  carry  a  heavier  load  than  coke,  but  it 
requires  greater  blast  pressure,  and  will  not  melt  as  fast  as  coke. 
Coke,  for  foundry  use,  should  be  what  is  known  as  "72-hour"  coke, 
as  free  as  possible  from  dust  and  cinders.  Coke  is  made  up  of  a 
sponge-like  "coke"  structure  which  is  almost  pure  fixed  carbon,  and 
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an  open,  "cellular"  structure  which  makes  it  especially  valuable  as  a 
furnace  fuel  because  it  is  so  readily  penetrated  by  the  blast. 

A  representative  analysis  of  a  strong  72-hour  coke  is  as  follows: 


Moisture 

.49  per  cent 

Volatile  matter 

1.31    "       " 

Fixed  carbon 

87.46    "      " 

Sulphur 

.72    "      " 

Ash 

10.02    "       " 

Cellular  structure 

50.04  per  cent 

Coke  structure 

49.9G    "       " 

Specific  gravity 

1.89 

Heat  units  per  pound    12,937 

FUEL  TO  IRON 

The  proportions  of  the  bed  fuel,  first  charge  of  jron,  and  subse- 
quent charges  of  fuel  and  iron,  vary  greatly  with  the  size  and  design 
of  the  cupola,  the  grade  of  fuel  used,  and  the  method  of  charging. 

To  determine  the  right  amount  of  fuel  for  the  bed,  the  most  prac- 
tical thing  to  do  is  to  "cut  and  try,"  especially  with  a  new  equipment. 
For  a  36  to  48-inch  cupola,  average  22  inches  above  the  tuyeres, 
with  a  10-ounce  l)last  to  start  with,  the  best  way  to  proceed  is  to  chalk 
off  this  distance  inside  the  cupola  before  daubing  up.     Then,  from  a 

2-inch  rod  of  iron,  bend  a  shape  like 
Fig.  106.  The  distance  a  equals  the 
distance  from  the  mark  inside  cupola 
to  about  4  inches  above  bottom  of 
charging  door.  When  the  coke  is  well 
lighted,  before  charging  the  iron,  level 

Fig.  106.    Bed  Gauge.  a  \      i  1-         a      aU*  T"! 

oiT  bed  accordmg  to  this  gauge,  ihe 
safe  side  is  to  have  the  bed  too  high.  If  the  bed  is  too  high,  it  will 
show  by  slow  but  hot  metal;  if  too  low,  the  metal  will  be  dull.  After 
first  heat,  the  height  may  be  adjusted  until  proper  melting  is  obtain- 
ed; then  try  always  to  work  to  same  height.  The  weight  and  char- 
acter of  the  coke  charged  on  the  bed  should  be  carefully  noted. 

No  fixed  rule  for  general  application  can  be  given  for  proportion- 
ing the  alternate  charges  of  iron  and  fuel.  From  4  to  6  pounds  of  iron 
may  be  melted  to  one  of  heavy  coke  on  the  bed;  about  j  less,  for 
light  coke. 

Intermediate  charges  of  coke  should  be  just  sufficient  to  preserve 


254 


FOUNDRY  WORK 


101 


\]\v  ll|)|)cf  l('\«'l  of  the  1)('(I.  'I'lic  l;i\('r  will  iisii;ill\-  he  nhout  (i  iiiclics 
thick.     Its  wei<i;lit  .should  he  curct'ully  takeii. 

Snhsecjuent  charges  of  iron  may  be  made  8  or  10  pt^uud-;  in  <!;i'; 
pound  of  coke  put  between  charges. 

The  action  of  the  furnace  must  ))e  curcfully  watclied,  with  the 
aim  to  make  it  m(>It  the  iron  charged  as  raj)idly  as  j^ossible  and  l)ring 
it  down  whit(>  hoi.  Also,  bring  the  ratio  of  iron  to  fuel  as  low  as  mav 
l)e,  without  sacrificing  either  of  these  other  objects. 

SAND  MIXING 

\V)ien  a  mold  is  poured,  the  intense  heat  of  the  iron  l)urns  out 
those  properties  in  the  sand  which  give  it  its  bond,  making  it  necessary 
that  a  certain  proportion  of  new  sand  shall  be  mixed  with  the  hea{) 
sand  and  used  as  facing.     See  explanation  in  earlier  paragraphs. 

The  facing  sand  should  be  mixed  daily  for  the  molders  by  one 
or  more  of  the  laborers,  at  a  place  convenient  to  the  storage  sheds 
and  moldin.g  floors.  A  hard,  smooth  floor  of  clay  or  of  iron  plates 
is  a  great  advantage. 

The  proportions  of  the  diH'erent  sands  are  measured  by  shovel, 
bucket,    or  barrowful, 
and  spread    over   each  £i 

other  in  flat  layers,  suffi- 
cient water  being  sprink- 
led on  to  temper  the  pile. 
The  sand  is  then  cut 
through  once  with  the 
shovel,  then  put  through 
a  No.  2  sieve,  all  lumps 
being  broken  up  and 
refuse  thrown  out.  It  is 
next  put  through  a  No.  4 
sieve,  and  thrown  in  a 
pile  ready  for  use. 

AVhen   this   work   is 
done  by  hand,  the  ordi- 
nary  screen    sieve   com- 
monly employed  by  masons  is  used  for  the  riddling,  and  a  round 
foundry  riddle  for  the  final  sifting.     To  reduce  the  labor  of  this,  the 


Fig.  107.    Rotary  Sieve. 
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riddle  i.s  slid  hack  and  forth  on  a  pair  ot"  parallel  hars  snpportfd  con- 
veniently above  the  storage  pile. 

There  are  two  classes  of  labor-savir.y;  machines  used  in  inixini' 
facings,  core  sand,  etc. — those  which  mix  by  riddling,  and  those  which 
mix  by  a  combined  breaking  and  stirring  action.  There  is  great  va- 
riety in  the  styles  of  these  machines  on  the  market.  Tlic  illustrations 
show  the  typical  mechanical  devices  in  use. 

Fig.  107  is  made  with  wire  on  one  or  both  ends,  and  is  driven  by 
belt  or  connected  motor.     Sand  sliovelcd  into  the  central  opening  !.-> 

sificd  in  a  ])ile  on  floor,  or 
direct  into  barrow.  The 
rubber  hammer  on  top  au- 
tomatically raps  each  face 
of  sieve  as  it  revolve  s, 
knockino;  the  meshes  free 
from  sand. 

Fio'.  lOS  shows  one  of 
the    latest   labor   savers    in 
this  line.     Here  a  foundry 
vi^.m.   Sana  Shaker.  riddle  is  supported  in  a 

metal  ring  attached   to  the  pist(/n  of  the  machine.     It   is  made  to 
vibrate  rapidly  by  means  of  com{)ressed  air  or  steam.     These  shakers 


Fig.  109.    Centrifugal  Mixer. 

are  made  with  portable  tripod,  as  shown;  they  are  also  made  station- 
ary cr  are  fastened  on  a  post  by  means  of  a  swivel  joint,  to  be  swung 
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over  a  wheelbarrow  or  over  a  molding  machine,  and  out  of  the  way 
utrain  when  not  in  use. 

Fig.  109  shows  a  centrifugal  mixer.  Inside  of  the  umbrella  casing 
a  horizontal  plate  about  12  inches  in  diameter  and  carrying  a  number 
of  vertical  steel  pin  about  G  inches  long,  is  fastened  to  the  top  of  a 
short  upright  shaft  driven  by  a  belt  running  inside  of  the  casing  shown 
at  the  base  of  the  machine.  The  machine  runs  about  1,500  R.  P.  M.; 
and  sand  shoveled  into  the  hopper  is  very  evenly  broken  up  by  the 
pins  and  thrown  against  the  steel  h(5od,  breaking  and  shattering  any 
lumps  of  clay  or  loam  and  making  a  very  uniform  mixture.  The 
hopper  may  easily  be  removed  to  clean  the  plate.  The  machine  is 
used  for  the  final  mixing. 

Fig.  110  shows  a  foundry  grinder  or  facing  mill.  It  is  the  type 
of  mill  used  for  mixing  loam.     Either  the  pan  or  the  rollers  are  at- 
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Fig.  110.    Facing  Grinder. 

tached  to  the  driving  shaft  and  made  to  revolve,  crushing  and  mixing 
whatever  is  shoveled  into  the  pan.  Frequently,  a  stout  blade,  some- 
thing like  a  plowshare,  is  fixed  between  the  rollers,  and  prevents  the 
mixture  caking  to  the  bottom  of  the  pan.  The  faces  of  the  rolls  are 
of  very  hard  or  of  chilled  cast  iron  to  withstand  wear. 

When  the  loam  mixture  is  suflBcientlv  ground,  it  must  be  shoveled 
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from  the  pan,  and   delivered   to  the  niolders  or  stored    temporarily. 
It  will  "set"  if  stored  too  long. 

This  is  the  type  of  mill  used  in  the  steel  foundries,  for  grinding 
the  facing  materials.  The  various  sands  are  dumped  into  the  pan  at 
one  side,  and,  when  ground  sufficiently,  are  shoveled  directly  from 
the  pan  into  a  centrifugal  mixer.     This  prepares  them  for  use. 

CLEANING  CASTINGS 

After  a  casting  has  solidified  in  the  mold,  the  flask  should  \tv 
removed,  leaving  the  casting  in  the  sand.  For  light  bench  work  and 
snap  flask  work,  the  mold  is  lifted  bodily  and  the  sand  dumped  on 
the  pile,  the  bottom  boards  piled  in  one  place,  and  the  cases  piled  in 
another  ready  for  the  next  day's  work.  As  the  molds  are  dumped, 
the  castings  are  removed  from  the  sand  and  piled  at  edge  of  gangway. 
When  all  castings  have  been  removed  from  the  sand,  the  gates  are 
broken  and  thrown  in  a  pile  by  themselves.  When  cold  enough  to 
handle,  the  castings  are  removed  to  the  cleaning  room,  and  the  gates 
and  sprues  to  the  scrap  pile.     With  heavier  floor  work,  the  clamps  arc 

removed  as  soon  as  the 
casting  has  set;  the  flask 
is  ra|)ped  with  a  sledge 
hannner  and  stripped  oil 
the  m  o  1  d,  leaving  the 
castings  to  cool  gradually 
in  the  sand.  Sometimes 
a  sharp  blow  is  given  on 
top  of  the  runner  while 
it  is  still  red ;  this  breaks 
it  off  before  the  flask  is 

Fig.  111.    Dustless  Tumbling  Barrel.  ^l,.^l,g„     ^^^^^         J^^     ^     j.^^, 

heat,  cast  iron  is  very  weak  and  can  easily  be  l)roken. 

The  most  effective  way  to  clean  small  castings  is  in  a  rattling 
barrel.  Fig.  1 1 1  shows  a  modern  set  of  dustless  barrels.  The  shell 
of  the  barrel  is  5-inch  boiler  |>late  riveted  to  cast-iron  heads,  with 
a  door  arranged  to  be  entirely  removed  for  packing  and  dumping. 
The  bearings  are  hollow,  and  from  one  end  the  dust  is  drawn  off 
through  a  galvanized  iron  pipe.  This  pipe  connects  with  an  air-tight 
wooden  chamber  (Fig.  112)  varying  in  size  with  the  numl)cr  of  barrels 
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connected  with  it.  In  this  cliamber  hang  a  number  of  cloth-covered 
screens.  An  exhaust  fan  is  connected  to  this  chamber  at  the  opposite 
end  from  the  inlet  pipe. 

AVhen  the  fan  is  in  oj)erati()n,  a  strong  current  of  air  is  drawn 
throuirh  the  barrels  and 
through  the  chamber. 
The  d  u  s  t,  entering  the 
chamber,  settles  on  the 
screens,  so  that  but  little 
dust  escapes  to  the  out- 
side air. 

When  necessary,  the 
exhaust  is  stopped,  and, 
by  means  of  a  crank  on 
the  outside  of  the  dust 
chamber,  the  screens  are 
shalvcn  and  the  dust 
drops  off,  when  it  can  be 
removed  through  a  trap 
into  an  ash  can  or  wheel- 
barrow. 

The  driving  shaft 
carrying  the  pinion  re- 
volves all  the  time,  and 
any  barrel  may  be  thrown 
over  into  gear  or  drawn  out  of  gear  by  the  operation  of  a  hand  lever. 
The  barrels  should  run  about  25  R.  P.  M.  Each  barrel  should  be 
packed  as  full  as  possible  with  several  shovelfuls  of  gates,  shot  iron, 
or  hardened  stars  thrown  in  with  the  castings.  The  cleaning  is 
accomplished  in  from  twenty  minutes  to  half  an  hour  by  the  scouring 
action  of  castings,  scrape,  etc.,  rubbing  against  one  another.  Cast- 
ings up  to  50  or  100  pounds  can  l)e  rattled  bu+  only  those  of  a  sim- 
ilar character  as  to  design  or  weight  should  be  packed  in  together; 
otherwise  the  lighter  castings  will  be  broken  by  the  heavier.  ^Mien 
removed  from  the  barrel,  the  work  should  show  a  smooth,  clean  sur- 
face of  an  even  gray  color. 

From  the  rattlers,  castings  go  to  the  grinding  room,  where  pro- 
jecting gates  or  other  slight  roughness  is  removed  on  the  emery  wheel. 


Fig.  112.     Du-st  Collector 


■l\i:i)l)Uu^'  liarrel. 
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Heavy  castings  are  cleaned  by  hand,  by  pickling,  or  by  sand  blast. 

When  cleaning  by  hand,  the  worst  of  the  sand  is  rapped  oti"  by 

light  hammering,  the  remainder  scraped  off  with  old  files  and  steel 

wire  brushes  (Fig.  113,  A).     Some  shops 

'^ — Tr\  nil)  off  finally  with  broken  pieces  of  coarse 

emery  wheel.  Risers  and  fins  are  removed 
with  cold  chisels.  The  pneumatic  chisel 
shown  in  Fig.  113,  B,  is  used  as  a  time- 
sa\'er.  \Vhere  work  is  light  enough  to 
handle,  small  fins  are  removed  by  emerv 
^^■heels;  medium  coarse  wheels  will  cut 
faster  on  cast  iron  than  fine  ones,  and  \\\\\ 
Fig.  nsA.   steel  Bristle  Brush.     h„ia  their  shape  better. 

It  is  when  castings  must  be  cleaned  by  hand,  that  value  of  a  good 
facing  dust  shows  itself.  With  the  proper  facing,  the  sand  cleaves 
readilv  from  the  casting,  leaving  a  fine-looking,  smooth  surface.     With 


Fig.  113  B.    Pneumatic  Chisel 

poor  facings,  on  the  other  hand,  the  iron  burns  into  the  sand,  making 
it  hard  to  clean,  and  leaves  a  rough  surface  on  the  work. 

Pickling  is  a  method  of  cleaning  resorted  to  where  there  is  much 
machining  to  be  done  on  a  casting.  The  work  is  placed  in  a  pile  on  a 
suitable  platform,  and  dilute  sulphuric  acid  is  thrown  over  it  during 
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one  (lay,  l.v(|ue.itly  vuon^^h  to  keep  it  well  wet.  The  plaltonn  siio.il.l 
he  arranged  to  drain  the  acid  back  into  the  vat.  Acid  i.s  diluted  f'-om 
]  to  8,  to  1  to  ]().  After  about  12  hours'  bath  with  aci.l,  the  ca.stincrs 
are  washed  clean  with  hot  water.     The  acid  acts  on  the  hard  skin  of 


Fig.  il4.    Sand  Blast. 

oxide  of  iron,  which  forms  when  the  iron  strikes  the  damp  sand,  and 
eats  through  this  skin  to  the  iron  itself. 

The  washing  water  should  be  hot  enough  to  warm  the  castings 
sufficiently  for  them  to  dry  rapidly  without  rusting.  The  acid  must 
be  thoroughly  washed  olY,  or  it  will  continue  to  eat  into  the  iron  and 
cause  a  m  hitc  powder  (sulphate  of  iron)  to  form  on  the  surface. 
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An  excellent  arrangement  for  a  pickling  department  is  to  have  the 
"trough"  arranged  on  skids  which  will  allow  it  to  be  rocked  endwise. 
This  will  drain  into  the  pickle  vat  when  acid  is  being  thrown  on,  and 
drain  to  the  gutter  when  the  castings  are  being  washed.  Sheet  lead 
is  the  best  protective  covering  for  small  pickle  troughs,  but  it  is  ex- 
pensive and  not  dural)le  enough  to  stand  for  heavy  work. 

For  castings  of  such  shape  and  size  that  they  cannot  well  be  rat- 
tled, but  are  too  small  to  be  cleaned  by  hand,  the  sand  blast  has  been 
used  to  advantage  in  many  shops. 

Fig.  114  gives  an  idea  of  the  arrangement  of  the  cleaning  stall. 
Castings  are  placed  on  the  wooden  grating.  By  means  of  compressed 
air,  a  sharp  silica  sand  is  forced  through  a  strong  rubber  hose  and 
directed  against  the  castings.  The  nozzle  is  of  hardened  steel.  The 
operator  wears  a  helmet  supplied  with  fresh  air  by  an  air-hose,  to  pro- 
tect his  eyes  and  lungs  from  the  clouds  of  fine  dust.  An  exhaust  hood 
is  arranged  also  to  take  off  as  much  of  the  dust  as  possible. 

The  manual  labor  of  this  method  is  practically  reduced  to  notb- 


Fig.  115.    Core  Rod  Straighteners. 

ing,  aside  from  handling  the  castings.  The  system,  however,  requires 
the  installation  of  a  rather  considerable  equipment,  which  has  debarred 
its  use  in  many  foundries. 

In  removint;  cores,  the  bars  become  verv  nuich  bent.     In  such 
shape  they  were  formerly  scraped  or  refitted  to  suit  new  cores,  with  a 
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hammer  and  l)lock  of  iron.  Fig.  115  shows  a  vers'  practieal  power 
machine  which  dehvers  the  l)ars  perfectly  straiglit.  The  niacliine 
consists  of  a  pair  of  rolls,  with  different  sizes  of  grooves  turned  in  them, 
which  pull  a  rod  through  a  flaring  mouthpiece  and  deliver  it  through 
a  corresponding  eye  on  the  opposite  side.  The  machines  are  made  in 
different  sizes,  and  will  take  rods  from  [-inch  to  f-inch  diameter. 

STEEL  CASTINGS 

This  class  of  work  has  developed  within  the  last  few  years,  and, 
beginning  with  the  heavier  parts  of  marine  and  engine  construction, 
is  now  crowding  the  field  of  drop  forgings. 

Steel  castings  are  malleable,  and  are  very  much  stronger  tlian 
iron  ones. 

The  principles  of  molding  involved  are  similar  to  those  in  other 
classes  of  molding,  but  practice  is  varied  to  meet  special  conditions. 

The  art  of  makiny;  steel  castinfjs  mav  be  divided  into  three  heads: 
(1)  Preparation  and  melting  of  the  metal;  (2)  Making  and  pouring  the 
molds;  (3)  Heat  treatment  of  finished  castings.  As  the  first  and 
third  heads  come  more  properly  under  other  departments,  we  shall 
here  simply  outline  these  processes,  dealing  in  detail  with  the  second 
heading  only. 

This  branch  of  foundry  work  has  developed  to  a  great  extent  since 
the  early  nineties.  The  metal  is  similar  in  mixture,  method  of  melting, 
and  physical  properties  to  that  which  is  poured  into  ingot  molds  for 
forging  purposes.  The  graphitic  carbon  is  entirely  burned  out;  the 
strength  of  the  metal  is  therefore  very  much  greater  than  that  of  cast 
iron.  Combined  carbon,  manganese,  and  silicon  are  the  elements 
depended  upon  for  this  strength.  Sulphur  and  phosphorus  are  kept 
very  low.     A  typical  analysis  shows: 

C.  Mn.  Si.  S.  P. 

0.27%  0.85%  0.35%  0.020%  0.025%> 

Owing  to  the  purity  of  this  form  of  iron,  about  50  per  cent  more 
heat  is  required  to  melt  it  than  is  necessary  in  the  case  of  pig  iron — or 
about  3,300°  F.  "When  melted,  the  metal  runs  much  more  sluggish 
■than  cast  iron;  and,  on  account  of  the  absence  of  graphitic  carbon,  it 
does  not  expand  at  the  moment  of  solidifying,  and  therefore  will  not 
take  as  sharp  an  impression. 

To  insure  as  perfect  an  impression  as  possible,  the  molds  are 
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constructed  with  a  good  head  of  metal  in  risers,  tmd  they  are  poured 
under  pressure.  The  shrinkage  is  dou])le  tliat  of  iron;  the  risers  are 
made  very  large,  and  are  placed  directly  on  the  casting  to  insure  feed- 
ing well.  Great  care  must  be  exercised  that  neither  mold  faces  nor 
cores  bind  during  cooling,  as  such  binding  might  cause  a  flaw. 

When  two  surfaces  meet  at  right  angles,  the  corner  will  remain 
hot  longest,  and  the  sides  will  shrink  away,  tending  to  cause  a  fracture 

at  a,  Fig.  116.  To  over- 
come this,  thin  webs  are  cut 
bv  the  molder  about  every 
4  inches  or  6  inches — shown 
at  h.  These  cool  first,  and 
hold  the  adjacent  sides  in 
position,  preventing  thera 
Fig.  ne.    Shrinkage  Webbs.  from  pulling  away  from  eacli 

other.  The  internal  strain  due  to  this  cooling  is  relieved  by  the 
annealing.      After  the  casting  is  annealed,  the  webs  are  cut   away. 

STEEL  FACING  MIXTURES 

To  withstand  the  high  heat,  pure  silica  sand  is  used  as  the  basis 
of  the  facing  mixtures  for  steel  molds.  Pure  quartz  or  silica  rock  is 
quarried,  and  reduced  to  a  sand  form  through  a  series  of  rock  crushers. 

At  the  foundry  the  necessary  bond  is  given  by  the  addition  of  fire 
clay  and  molasses  water.  These  are  thoroughly  mixed  with  the  sand 
in  a  facing  mill  and  mixer  (Figs.  109  and  110).     A  typical  mixture  is 

as  follows: 

1  Ijunow  Silica  Sand; 

3  pail.s  powdered  Fire  Clay ; 

Temper  with  molasses  water. 

^Yhere  quartz  sand  is  very  expensive,  the  mixtures  made  as  fel- 
lows will  reduce  the  cost.  The  old  crucibles  and  fire  brick  should  !»■ 
crushed  separately  in  the  mill  before  mixing. 

INGKEDIENTS 


For  Castings 
UP  TO  2  INS.  Thick. 

I  II 

8  parts 

9  .< 


For  Castings 
vEit  3  INS.  Thick. 
IV 


Old  faring  sand 

Old  crucibles 

Fire  Brick  - 

Fire  clay  - 

Coke  I  part 

Silica  sand 

Graphite 

Temper  with  molasses  water. 


12  parts 

1  part 
.5  parts 


III 
1  part 
10  parts 
5     " 
3     " 
1  part 


1  iiart 
.5  parts 
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VuY  jaciiKj  irasli,  these  mixtures  are  groiiiifl  very  fine,  and  tiiiinied 
with  molasses  water. 

Core  .land  for  steel  work  is  practically  the  same  mixture  as  the 
mold  facinf]:.  For  thin  metal  a  somewhat  less  refrac-torv  natural 
sand  may  be  added  to  reduce  cost  of  mixture. 

For  small  round  or  fat  cores,  ^V  part  rosin,  with  silica  sand, 
tempered  with  molasses  water,  makes  a  good  core.  It  should,  how- 
ever, he  thoroughly  burnt. 

For  core  ivaSh  mixture,  use  3  parts  Silica  flour;  1  part  Ceylon 
graphite;  molasses  water. 

STEEL  FLASKS 

Flasks  for  steel  work  are  built  up  of  cast  iron  (see  Fig.  4).  Full- 
length  crossbars  are  bolted  in  the  cope,  0  inches  to  8  inches  on  centers, 
depending  on  size  of  flask. 
Short  crossbars  are  fastened 
between  these  as  needed,  say 
12  inches  to  16  inches  on  cen- 
ters (see  Fig.  117). 

Oblong  bolt  holes  4  inches 
on  centers  are  cast  in  the  sides 
of  the  flask  and  in  all  cross- 
bars. Slots  to  correspond  are 
cast  in  flanges  of  bars,  so  that 
they  may  be  readily  removed 
or  shifted  when  fitting  cope  to 
pattern. 

The  holes  for  pins  should 
be  drilled  to  template  In  all  flasks  of  the  same  size,  so  that  copes  and 
drags  may  be  interchanged.  Flask  pins  are  slipped  through  holes 
temporarily  when  flask  is  being  closed  or  opened.  On  large  work 
the  cope  is  bolted  to  drag  while  being  rammed. 

The  bottom  plate  is  of  cast  iron,  and  is  clamped  to  flange  of  drag 
with  short  clamps  and  steel  wedges. 

Flasks  of  from  18  inches  to  48  inches  in  length  have  two  handles 
bolted  on  ends  to  lift  them  with.  Larger  flasks  have  trunnions,  rock- 
ers, or  U-shaped  handles  cast  on  the  sides. 

For  details  of  cast-iron  flask,  see  Fig.  4. 


Fig.  11".    Short  Crossbar. 
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Fio-.  118  shows  type  of  convenient  sni;ill  flask  huilt  up  of  eliannel 
1  antrle  iron,  size  U  l)y  20  to  24  hy  4S  inches.     The  same  tools  are 


Fis.  lis.    Small  Flask  for  Steel  Molds. 

used  for  packino-  and  finishing  mold  as  described  in  connection  with 
iron  molding. 

PACKING  THE  MOLD 

In  packing  the  mold,  place  the  pattern  on  hoard  t-nd  cover  with 
n  to  3-inch  of  facing,  depending  on  size  of  job.  Tuck  well  with 
fiiio-ers.  The  facing  is  used  as  prepared  by  the  mixer,  not  sifted.  Set 
drlg  on  board,  shovel  in  heap  sand,  and  ram  mold  somewhat  harder 
than  for  iron.  "Strike  off"  and  seat  bottom  plate,  fastening  it  firmly 
to  flange  of  drag  with  clamps  or  bolts.  Roll  the  mol.l  over,  and  re- 
move  mold  board  I 

Press  with  the  fingers  all  over  the  joint  surface,  especially  around 
the  pattern,  to  make  sure  of  firm  packing.  j 

If  soft  places  are  found,  they  should  be  tucked  in  with  facing ^and. 
When  needed  repairs  are  made,  slick  the  joint  all  over.    Use  burnt 
core  sand  for  making  the  parting.     Try  on  cope  and  adjust  bars  to  fit   | 
pattern.     Clay  wash  the  cope  before  packing.     Put  on  necessary  fac-  | 
ing  over  joint  and  pattern.     Set  the  gate  on  joint,  but  place  risers  j 
directly  on  pattern.     Set  necessary  gaggers,  shovel  in  heap  sand,  and  j 
ram  the  cope.     Vent  well,  lift  cope,  moisten  edges,  and  draw  pattern,  j 
In  finishing  the  mold,  nails  are  used  freely  (about  1^  to  2  incnes  , 
apart),  driven  in  with  heads  flush  with  surface  of  sand.     This  is  to 
prevent  the  cutting  of  the  surface  by  the  rush  of  hot  metal  when  mold 
is  poured. 
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It  is  at  this  stage  that  the  thin  welis  previously  mentioned,  are  nit 
into  tlie  corner  fillets  where  needed.  The  whole  surface  of  the  mold 
must  be  smoothly  slicked  over  with  trowel  and  convenient  slicks. 

"When  this  is  done,  paint  on  the  facing  wash  with  a  ver^'  flexible 
long-bristled  brush.     Fig,  110  shows  section  of  mold  for  a  shrouded 


Gate 

\  Co    e>"Cp'~'^ 


^y,-y/;y/>y/y//y>yyyy7y/^^ 


Pig.  119.    Section  Through  Steel  Mold, 
pinion,  and  illustrates  points  above  mentioned.     The  runner  is  lead 
ni  at  the  bottom  l)y  use  of  a  cover  core,  as  described  in  dry-sand  mold- 
ing. 

^lolds  for  steel  should  be  more  than  dried;  they  should  be 
thoroughly  baked,  to  drive  off  every  particle  of  moisture.  This  pre- 
vents the  steel  boiling  in  the  mold  and  causing  imperfections  in  the 
casting. 

AVhere  l)ut  little  machine  work  is  to  be  done  on  small  work  up  to 
1 1  inches  thick,  the  molds  may  l)e  made  up  in  wooden  flasks  and 
poured  green.  For  this  class  of  work,  only  pure  quartz  sand  and  fire 
clay  are  used,  tempered  with  molasses  water.  These  may  l)e  made  uj) 
and  poured  on  the  same  day. 

STEEL  CORES 

^^here  cores  must  be  made  in  halves,  one  set  of  half-cores  may  be 
made  and  baked.     The  other  half  is  then  made  and  rolled  over  directly 
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on  the  bakerl  half.  Fire  clay  wash  is  used  to  cement  the  joint.  This 
method  allows  the  joint  between  halves  of  core  to  be  nicely  slicked 
down. 

Cores  for  steel  molds  are  made  up  in  boxes  similar  to  those  useii 
in  the  iron  foundry.  Although  using  special  sands,  the  cores  are 
strengthened  with  iron  rods,  vented  with  cinders,  and  provided  with 
convenient  hangers  for  lifting,  as  described  in  previous  paragraphs. 

Steel  cores  must  be  more  collapsible  than  those  for  iron,  on  ac- 
coimt  of  the  excessive  shrinkage  of  the  metal.  This  is  provided  for  in 
the  mixture  of  the  sand  used,  and  by  thoroughly  backing  the  core  to 
reduce  the  effect  of  the  binding  materials  to  a  minimum. 

MELTING 

The  melting  of  steel  is  a  science  by  itself,  and  cannot  be  dealt  with 
adequately  in  a  paper  of  this  character.  Only  a  very  brief  descrij)ti()n 
of  the  process  will  be  given. 

The  main  feature  is  the  difference  in  application  of  heat.  Metal 
is  melted  in  what  is  termed  the  Open  Hearth  furnace,  a  sectional  ])lan 


/Regenerators  Regenerators 

Fig.  120.    Section  Througli  Open  Hearth  Furnace  with  Regenerators. 

of  which  is  shown  in  Fig.  120.  The  charge  of  scrap  sicd  and  pig  iron 
is  placed  on  the  central  hearth.  Heat  is  obtained  by  producer  gas 
supplied  with  air-bla.st.  Both  gas  and  air  are  heated  in  one  set  of 
regenerators  before  entering  the  combustion  chamber  .  The  flame 
plays  on    top  of  the   charge,  and  the  waste  gases  pass  off  through 
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the  otlier  regenerator  section  ol"  the  I'urnaee,  lieating  up  its  brickwork. 
The  direction  of  the  gases  is  changed  about  every  twenty  minutes. 
The  regenerator  is  practically  a  tunnel  about  lo  feet  long,  filled  with 
brickwork  built  up  as  shown  in 


Fig.  121.     About  4  heats  a  day 
are  run  from  the  furnaces. 

Samples  of  the  bath  are  an- 
alyzed at  intervals  during  the 
heat.  Guided  by  these  analyses 
the  proper  proportions  of  ores, 
fluxes,  and  pig  are  added  to  the 
bath  to  give  it  the  right  compo- 
sition, a  typical  analysis  of  which 
has  been  ijiven. 


a. 


Fig.  121. 


n. 


i~i       ur 


LT 


How  Brick  is  Set  in  Regenerator. 


DRAWING  THE  HEAT 

When  the  bath  is  in  proper  condition,  the  entire  charge,  be  it  5 
tons  or  40  tons,  is  drawn  oft"  into  a  ladle  previously  heated  by  a  special 
ga.s-burner.  This  ladle  is  lifted  by  the  crane  and  carried  to  the 
pouring  floor. 

In  order  to  .secure  tlie  sounde.'^t  metal  free  from  pent  ga.ses  or  slag, 

all  steel  for  casting  purpo.ses  is 
tapped  from  the  bottom  of  the 
ladle.  The  stopper  is  carried  by 
a  stiff  round  bar  encased  in  fire- 
clay tubing.  This  passes  through 
the  liquid  metal  (see  Fig.  122), 
and  may  be  raised  or  lowered  by 
an  arm  attached  to  a  rack-aiid- 
pinioii  mechanism  bolted  to  the 
outer  shell  of  the  ladle  and  oper- 
ated by  means  of  a  large  hand 
wheel.     The  ladle  is  swung  into 

Pig.  122.    Section  Through  Steel  Ladle.  ^,,^1^1,,,^     ,,.ith      tap-hole     directly 

over  pouring  head.  Four  men  hold  the  ladle  .steady  with  long  iron 
rods.  The  metal  thus  enters  the  mold  under  the  head  of  pressure  of 
all  the  steel  above  it  in  the  ladle. 

When  all  steel  is  drawn  from  ladle,  the  latter  is  swung  on  its  side 
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near  furnaces,  the  stopper  is  removed,  and  all  slag  possible  is  racked 
out.  The  ladles  nuist  he  repaired  after  each  heat,  often  to  the  extent 
of  replacing  one-half  of  the  thin  fire-brick  lining. 

The  casing  of  the  stopper  will  last  for  but  one  heat,  as  the  rod  is 
sure  to  get  bent  out  of  shape.  The  rods  are  repaired  by  a  blacksmith 
before  recasing  them. 

SETTING  UP  STEEL  MOLDS 

This  is  usually  done  by  a  different  set  of  men  from  those  employed 
to  make  the  molds. 

For  convenience  in  pouring,  runner  boxes  (Fig.  123)  are  rammed 
up  in  small,  round,  sheet-metal  boxes,  using 
a  wooden  pattern  to  form  the  hole.  These 
are  baked  in  the  oven. 

'\Vhen  the  molds  are  properly  dried,  they 
should  be  removed  from  the  oven,  placed  on 
Fig.  123.   Runner  Box  for       the  pouring  floor,  and  have  the  dust  blown 

steel  Mold.  j.       "ii  i       • 

out  With  compressed  air. 

Now  set  the  cores,  close  the  mold,  and  clamp  along  joint  flange. 
Set  runner  box  over  runner,  and  tuck  heap- sand  around  to  prevent 
leakage. 

This  box  serves  simply  as  a  funnel-shaped  mouth  to  the  runner. 
In  pouring,  the  mold  is  filled  only  to  the  level  of  top  of  ri.sers.  The 
nu'tai  drains  from  the  runner  box,  thus  allowing  it  to  be  u.sed  more 
than  once. 

CLEANING  STEEL  CASTINGS 

Steel  castings  do  not  run  as  smooth  as  cast-iron  ones,  but  they 
have  this  advantage:  If  they  show  only  slight  surface  defects,  the 
metal  may  be  peened  over  with  a  hammer  to  improve  appearance. 

The  intense  heat  makes  the  met;  1  burn  into  the  sand  greatly  so 
that  cleanincj  is  much  more  difficult.  Tlie  sand  often  must  he  almcst 
cut  from  the  castings  by  means  of  long  cold  chisels,  struck  with  sledges. 
Pneumatic  hammers  are  used  to  a  large  extent  in  cleaning  and  in  re- 
moving fins  and  s^light  projections.  Where  shrinkage  webs  will  show, 
they  must  be  cut  out.  Steel  will  not  bi-eak  off  as  does  cast  iron.  The 
heavy  gates  and  risers  must  be  removed  by  metal  saws  (see  Fig.  124) 
or  by  drilling  a  number  of  1-inch  holes  side  by  side  through  the  base 
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of  the  riser  uiid  then  breaking  it  off.     The  castings  are  generally  an- 
nealed before  the  risers  are  cut  off. 

ANNEALING 

In  all  steel  castings  of  any  size,  cooling  strains  will  develop  on 
account  of  the  shrinkage.  These  should  be  relieved  by  annealing. 
In  suitable  trench-like  ovens,  the  steel  is  heated  to  a  dull  redness. 


Fig.  124.    Cutting  off  Riser. 

This  allows  the  grain  to  as.sume  normal  conditions.     The  heating  is 

usually  done  with  a  wood  fire.     Overheating  renders  the  grain  coar.se, 

and  weakens  the  casting.     Proper  heat  treatment  materially  increa.ses 

strength  and  toughness,  as  indicated  by^the  following  figures: 

Tknsile  Strength  Elongation  Reduction  ok  Ahea 

Raw  80,.360  ^         13.31%  16.2% 

Annoalcd  81,707  *        27.6  %  40.4% 

Improperly  annealed  79,421  14.3%  17.8% 

This  sho\\s  that  the  \\'ork  wliich  is  j)roperly  annealed  is  not  only 
actually  stronger,  but  is  tf)ugher  and  will  .stand  more  hard  usage. 

BRASS   WORK 

Cast  iron  and  steel,  which  we  have  previously  considereil,  are  two 
forms  of  the  same  metal — iron.  The  difference  in  their  physical 
characteristics  is  due  solely  to  a  variation  in  the  proportions  of  certain 
elements  or  metaloids  combined  with  the  iron. 

The  metals  to  be  dealt  with  in  this  section  are  termed  Alloys — • 
that  is,  mixtures  of  two"  or  more  separate  metals. 

The  common  allovs  in  use  in  the  foundry  for  casting  various 
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machine  parts  are  made  from  combinations  of  Copper,  Tin,  and  Zinc, 
and  are  called  Brass  or  Bronze. 

Although  the  term  Brass  is  held  by  some  authorities  to  cover  any 
of  these  combinations,  the  general  classification  accepts  Brass  as  an 
alloy  of  Copper  and  Zinc,  and  Bronze  as  an  alloy  of  Copper  and  Tin. 
In  some  sections  the  latter  is  spoken  of  as  Composition. 

Bronze  has  been  used  by  man  in  all  ages.  Centuries  before  the 
Christian  Era  the  Egyptians  employed  it  for  making  coin,  armor,  and 
weapons,  as  well  as  household  utensils,  and  statuettes  of  their  gods. 
Analyses  of  many  of  these  ancient  relics  show  the  composition  to  be 
almost  identical  with  the  bronzes  of  the  present  day.  Brass  also  was 
in  use  before  the  time  of  Christ,  but  unquestionably  bronze  was  of 
earlier  origin. 

A  short  discussion  of  the  separate  metals  will  help  in  understand- 
ing the  properties  of  their  alloys. 

Copper  has  a  red  color;  it  is  hard,  ductile  and  very  tough.  It 
melts  at  about  2000°  F.,  but  it  is  difficult  to  make  castings  of  the  pun 
metal.  Copper  does  not  rust  as  does  iron,  and  is  one  of  the  best  con- 
ductors of  heat  and  electricity.  For  this  reason  it  is  largely  used  in 
sheet  form  as  a  sheathing  metal,  and  in  the  form  of  wire  or  rods,  for 
electrical  transmission.  Casting  Copper  is  put  on, the  market  in  ingots 
of  special  form  weighing  from  IS  to  25  pounds  each. 

Tin  is  a  white  lustrous  metal,  very  malleable,  but  lacking  tenacity. 
It  maybe  reduced  extremely  thin  by  rolling,  as  is  shown  by  tin  foil. 
It  melts  at  450°  F.  When  a  bar  of  tin  is  bent  it  will  give  a  crackling 
sound  known  as  the  "cry",  which  at  once  distinguishes  it  from  other 
metals  such  as  solder,  lead,  etc.,  which  have  siftiilar  external  appear- 
ance. It  is  put  on  the  market  in  pigs  weighing  about  30  pounds  and 
also  in  bars  of  about  1  pound  each.  Its  cost  is  approximately  fifty 
per  cent  more  than  copper  and  five  times  as  much  as  zinc.  Tin  may 
be  cast  unalloyed,  and  is  sometimes  used  to  run  pattern  letters  or 
small  duplicate  patterns  cast  in  zinc  chill  molds.  The  addition  of  one 
third  to  one  half  by  weight  of  lead  gives  a  cheaper  metal,  however,  and 
one  that  will  run  equally  well. 

Tin  mixed  with  copper  gives  greater  fluidity,  lower  melting  point, 
and  greater  strength,  changing  the  color  from  red  to  bright  yellow. 
Serviceable  alloys  may  contain  as  high  as  20  per  cent  tin.  This  gives 
a  metal  of  golden  vellow  color,  verv  hard,  tough,  and  difficult  to  work. 
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With  lar<^er  percentages  of  tin  the  nAor  shades  to  gray,  tlie  metal  is 
hard,  brittle,  and  has  little  strength,  and  has  no  value  for  engineering 
purposes. 

Zinc  has  a  bluish  white  color;  it  is  hard,  hut  weak  and  brittle. 
The  fracture  shows  very  large  crystals  of  characteristic  shape.  It 
melts  at  abt^ut  700°  F.,  and  .shrinks  but  little  in  cooling.  For  this 
reason  it  may  be  used  to  cast  directly  for  .small  metal  patterns  to  form 
chills  from  which  .soft  metal  castings  may  be  made  for  duplicating 
these  patterns.  If  exposed  to  the  air  at  high  temperatures,  zinc  will 
"volatilize,'"  that  is,  turn  to  a  gas  and  burn.  It  burns  with  a  blui.sh 
flame,  and  throws  off  clouds  of  dense  white  smoke.  For  this  reason 
great  care  must  be  used  to  keep  the  air  away  from  it  as  much  as  possi- 
ble when  being  melted  or  mixed  in  an  alloy,  for  aside  from  the  loss  of 
metal,  an  oxide  is  fonned  in  the  mixture  which  impairs  the  quality  of 
the  alloy. 

Zinc  is  known  in  commerce  under  two  names.  When  rolled  into 
sheets  it  is  called  Zinc;  when  in  ingot  form  for  casting,  it  is  called 
Spelter.  These  ingots  are  flat,  approximately  8  x  17  x  1  inch  thick, 
and  weigh  about  30  pounds.  In  this  form  they  may  be  easily  broken 
in  small  pieces  for  convenience  in  charging. 

Zinc  may  be  added  to  Copper  in  a  vers-  wide  range  of  proportions, 
the  allov  increasing  in  hardness  and  losing  ductiliiv  with  the  increase 
in  the  proportion  of  zinc.  The  color  changes  from  the  red  of  the  cop- 
per to  a  full  yellow  w^hen  one  third  zinc  is  used.  Further  additions  of 
zinc  change  the  color  to  red,  yellow,  violet,  and  gray.  The  alloys  are 
serviceable  up  to  40  or  50  percent  of  zinc. 

When  Zinc  is  mixed  with  melted  metal,  considerable  reaction  or 
l>oiling  takes  place.  This  tends  to  make  a  more  thorough  mixture 
and  to  tlrive  impurities  to  the  surface.  For  this  reason  a  small  pro- 
])ortion,  2  to  3  per  cent  of  zinc,  is  often  stirred  into  bronze  mixtures 
a  Iter  the  pot  is  drawn. 

Lead  has  a  blui.sh  white  color,  and  considerable  lustre  when  fresh- 
ly cut.  It  is  malleable,  soft  and  tough,  but  very  weak.  It  melts  at 
about  600°  F. 

I>ead  is  not  used  by  itself  as  an  alloy  with  copper.  A  very  small 
j)roportion  may  be  added  to  the  standard  mixture  for  brass  or  bronze. 
It  will  cause  them  to  run  more  fluid  in  pouring,  and  be  softer  for 
machining.     For  this  reason  leatl  is  added  to  bearing  mixtures  to 


273 


120 


FOUNDRY  WORK 


advantage.     But  it  tends  to  deaden  the  color  and  reduce  the  conduc- 
tivity of  the  metal  for  electrical  purposes. 

Proportion  of  Mixtures.  The  figures  in  the  following  table  are 
given  in  percentages  on  one  side  for  convenience  in  comparison  and 
for  figuring  large  heats.  The  beginner,  however,  will  generally  melt 
but  one  or  two  pigs  of  copper  at  one  time.  These  he  will  weigh  first 
and  then  figure  the  other  portions  of  his  mixture  from  this  weight. 
In  this  case  a  formula  given  in  pounds  and  ounces  is  much  simpler. 


Percentages 

USE 

Lbs. 

1 

o 
o 

Ozs. 

u 

in 

p. 
p. 
o 
O 

12. 

a 

-a 

3 

IK 
1 

a 

li 
IT 

83. 

2.5 

2.5 
3. 

Gun  metal  for  bearings.     A  very  tough  hard 
mixture. 

K 

85 

7. 

5. 

Steam  or  Valve  metal.      Cuts  freely,  very 
tough,  resists  corrosion. 

'A 

90 

5. 

5. 

Composition.     For   general   use  on  small 
machine  parts. 

90 

6. 

3. 

1. 

Bronze  for  Art  work.    Rich  color,  runs  fluid 
at  comparatively  low  heat. 

1 

H 

y* 

66.5 

33.5 

Common  Yellow  Brass.     Good  for  general 
run  of  machine  castings. 

i"b 

32 

8 
8 
16 

66. 

33. 

1. 

Same    as    above.      Will    machine    a  little 
easier. 

'A 

1.80 

64.70J  33.35J     1. 

Anti  Friction  metal.    For  journal  boxes. 

'A 

66.     j 

34. 

Good  mixture  for   small   patterns.      Runs 
well,  shrinks  little. 

3 

1 

From  what  has  been  said  it  will  be  understood  that  it  is  possible 
to  vary  these  mixtures  to  meet  special  conditions.  To  harden  or 
toughen  an  alloy  increase  the  tin;  to  soften  it  reduce  the  tin.  The 
same  is  true  with  zinc,  but  it  will  require  larger  proportionate  changes 
in  this  metal  to  effect  similar  results  in  the  alloy. 

Phosphorus  is  not  a  metal,  but  is  a  very  active  chemical  element 
manufactured  from  bone-ash.  It  has  such  an  affinity  for  the  oxygen 
of  the  air,  that  in  its  pure  state  it  must  be  kept  under  water,  because 
the  .slightest  scratch  would  cause  it  to  burn  fiercely.  It  forms  the 
principal  substance  used  in  making  the  heads  of  matches. 

As  a  rule  it  is  never  used  in  the  foundry  in  its  pure  state.  For  the 
production  of  Phosphor  Bronze  castings  there  are  several  combined 
forms  of  phosphorus  on  the  market.  The  most  convenient  of  these  is 
known  as  Phosphor  Tin.  This  is  metallic  tin  carrying  various  fixed 
percentages  of  phosphorus  of  which  5  per  cent  is  one  very  common 


;74 


FOUNDRY  WORK 


121 


proportion.     Knowing  the  amount  of  phosphorus  carried  by  the  tin, 
the  e.xact  proportion  for  the  entire  alloy  may  be  readily  calculated. 

This  element  slioiild  not  be  used  in  alloys  containing  zinc  or  lead. 

It  acts  as  a  flux,  comlsining  with  any  oxidized  or  burned  impurities 
in  the  bath  of  metal  and  driving  them  to  the  top.  It  tends  to  make  the 
tin  crystalline  in  form,  in  which  condition  it  unites  more  firmlv  with 
the  copper.  It  apparently  unites  chemically  with  copper,  making 
that  metal  harder.  The  proportion  of  phosphorus  should  not  exceed 
.75  per  cent,  while  .2.5  to  .40  per  cent  are  safer  proportions. 

Two  typical  mixtures,  using  5  per  cent  phosphor  tin,  are  as  fol- 
lows : 

PHOSPHOR  BRONZE  MIXTURES 


For  a  Tough 
Alloy 

For  a  Hard 

Alloy            I 

For  a  Tough 
Alloy 

For  a  Hard 
Alloy 

iX).     % 

87.50  % 

Copper 

9  lbs. 

8|  lbs. 

9.75 

12.25 

Tin 

*lb. 

lib. 

.25 

.25 

Phosphorus 

1 

1    Phosphor  Tin 

ilb. 

ilb. 

KXl. 

100. 

Totals 

10  lbs. 

10   lbs. 

MATERIALS 

Natural  molding  sands  are  used  for  brass-work.  They  are  usu- 
ally finer  than  sands  used  in  iron-work,  because  brass  parts  are  gener- 
ally small  and  often  have  fine  detail  which  must  be  brought  out  verv 
sharp  in  the  mold.  For  this  reason  also  the  sands  should  have  more 
alumina  or  bond  than  iron  sands. 

This  increase  of  bond  is  possible  because  the  metals  entering  the 
mold  are  not  as  hot  as  iron,  therefore  do  not  require  as  .much  vent, 
but  they  have  a  greater  tendency  to  "cut"  the  mold. 

For  the  general  run  of  work  the  whole  heap  is  kept  in  good  con- 
dition by  the  frequent  addition  of  new  sand,  but  on  large  w'ork  a  facing 
mixture  is  used  similar  to  the  Iron  Foundry. 

Burnt  sand,  powdere.d  charcoal  and  partimol  are  all  good  parting 
mafcn'ah:  The  last  two  are  best  on  small  work,  as  they  make  a  cleaner 
joint.  They  are  not  blown  off  of  the  patterns,  because  they  make  a 
goml  facing  for  the  mold. 

The  brass  molder  uses  practically  the  same  kinds  of  tools,  such  as 
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shovels,  sieves,  rammers,  and  molder's  tools  generally,  as  already 
described. 

Snap  Flasks  may  be  used,  but  the  pins,  hinges  and  catches  must 
be  kept  in  careful  adjustment  so  that  the  parts  of  the  mold  shall  register 


A  Vv  B 

Fig.  125.     (A  I  Fla.sk  for  Brass.— (B)  Screw  Clamp. 

perfectly.     The  same  is  true  of  the  larger  box  flasks  for  floor  work. 

The  most  typical  brass  flasks  are  of  cast  iron  with  accurately 
fitting  round  steel  pins.  See  Fig.  125  A.  They  have  holes  on  the 
joint  at  one  end  of  the  flask  so  that  the  mold  may  be  set  upright  when 
pouring. 

This  gives  a  decided  additional  pouring  pressure  with  a  minimum 
thickness  of  sand  over  the  castings. 

Boards  w^ithout  cleats  support  the  sand  in  the  flask  and  the  whole 


Fig.  126.    Spill  Troufih. 

is  clamped  before  setting  on  end  by  means  of  some  fc:)rm  of  double 
screw  clamp  similar  to  the  illustration,  Fig.  125,  B. 

Great  care  is  taken  in  the  brass  shop  to  save  all  shot  antl  spilled 
metal  possible.  To  this  end,  when  the  molds  are  to  be  poured  on  end 
they  are  leaned  against  a  cast  iron  Spill  trough  shown  in  Fig.  126. 
There  should  be  a  1-inch  layer, of  sand  over  the  l)ottom  of  this  tray. 
The  crucible  is  held  over  it  when  pouring  the  molds,  thus  making  it 
possible  to  conveniently  catch  any  metal  that  is  spilled. 

For  thin  work  the  face  of  the  molds  are  skin  dried  to  drive  off  the 
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moisture  l)C'tV)re  the  metal  enters  the  mold.  Dnjint/  .stoves  similar  to 
Fifj. -127,  are  used  for  this  purpose.  When  tiie  mold  is  finished  the 
two  halves  are  carefully  sprayed  with  a  weak  molasses  water,  and  the 


Fig.  127.    Drying  Stove. 

Hask  is  set  on  end  on  the  wide  platform  with  the  face  of  the  mold  next 
ihe  stove.  When  sufficiently  dry  the  mold  is  closed  and  poured  at 
once. 

PRINCIPLES  OF  THE  WORK 

Brass  work  deals  as  a  rule  with  smaller  quantities  in  every  w'ay 
than  does  iron  work.  The  patterns  are  generally  smaller  and  the 
hra.ss  molder  takes  particular  pride  in  making  all  his  joints  so  neat 
that  hardlv  a  fin  will  show  on  his  castings.  The  matter  of  catching 
the  shot  metal  has  been  mentioned.  Up  to  the  introduction  of  the 
oil-melting  furnace  it  was  customary  to  heat  a  pot  of  metal  for  each 
molder.  These  heats  were  comparatively  small,  .so  that  he  would 
make  up  possibly  six  or  eight  molds,  then  draw  his  pot  and  pour  them; 
running  in  this  way  several  heats  in  a  day. 

Using  the  furnace,  several  heats  are  run  each  day,  but  a  much 
larger  quantity  of  metal  is  melted  at  each  heat,  so  that  the  work  of 
several  molders  is  poured  with  exactly  the  same  metal. 

A  mold  for  brass  .should  be  rammed  about  the  same  as  for  iron. 
On  name  plates  antl  thin  work,  after  the  initial  facing  of  sifted  sand  has 
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been  properly  tucked  with  the  fingers,  the  flask  is  filled  heaping  full  of 
sand.  Then  by  the  aid  of  a  rope  hanging  down  from  the  ceiling,  the 
molder  springs  up  on  top  and  packs  the  mold  with  his  feet,  the  weight 
of  his  bodv  giving  the  right  degree  of  firmness  to  the  sand.  Stove- 
plate  molders  often  pac-k  their  flasks  in  the  same  way. 

The  main  difl'erence  between  making  up  molds  for  brass  and 
those  for  iron  are  due  to  three  causes:  Brass  melts  at  a  lower  heat; 
it  does  not  run  as  fluid  as  iron;  it  has  about  double  the  shrinkage  of 


iron. 


For  these  reasons  the  sand  may  be  somewhat  less  porous  and  still 
vent  sufficiently,  if  risers  are  placed  to  allow  for  the  escape  of  the  air. 
On  bench  work  the  vent  wire  is  not  used. 

The  runners  for  brass  should  be  larger  than  for  iron,  and  the 
gates,  instead  of  being  broad  and  shallow,  should  be  more  semicir- 
cular in  section.  Pouring  molds  on  end  gives  the  pressure  necessary 
to  force  a  more  sluggish  metal  to  take  a  sharp  impression,  and  the 
heavy  i-unners  shown  in  the  following  examples  serve  to  feed  the  cast- 
ing as  it  shrinks. 

Forms  of  skimming  gates,  as  explained  in  an  early  section,  are 
used  to  advantage  on  work  of  a  very  particular  nature. 

EXAMPLES  OF  WORK 

To  illustrate  more  clearly  some  of  the  typical  methods  of  brass 
work,  let  our  first  example  be  a  thin  flat  plate  with  decoration  in  low 
relief  on  one  side. 

Place  the  pattern  face  down,  a  little  below  the  center  of  flask. 
Sift  on  facing  through  a  No.  16  sieve,  then  tuck,  fill  and  pack  as  pre- 
viously described.  Roll  over  and  make  a  joint.  Now  cut  a  half  sec- 
tion of  the  main  runners  and  risers,  but  do  not  connect  them  with  the 
mold  at  this  stage.  Dust  on  parting  material  from  a  bag,  and  ram  the 
other  half  of  flask  just  hard  enough  to  stand  handling.  Separate 
flask;  spray  face  of  mold  with  weak  molasses  water,  and  dust  on  it 
from  a  bag  some  finely  powdered  pumice  stone,  or  any  fine  strong 
sand,  and  over  this  a  little  parting  dust.  Now  replace  this  half  over 
the  pattern  and  re-ram  to  the  required  firmness  and  again  separate  and 
this  time  draw  the  pattern. 

The  impression  of  the  runners  and  risers  cut  in  the  first  half  of  the 
mold  \\\\\  show  as  ridges  on  the  second  half  packed,  and  serve  as  guides 
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for  cutting  the  runners  to  a  full  round  section.  Connect  the  gate.-,  in 
four  places,  as  r.hown  in  Fig.  12S  A.  Skin  dry  the  mold  and  it  will  he 
ready  to  close  and  pour. 

Dusting  fine  sand  on  the  face  of  the  mold  then  reprinting,  as  it  is 

tenned,  ensures  a  very  smooth,  perfect  mold  face.     Where  the  mold 

cRunner    rRis  er 


A  B 

Fig.  128.    (A)  Mold  for  Thin  Plate.— (B)  Mold  for  Heavy  Plate. 

is  not  .skin  dried,  jiour  is  dusted  over  the  face,  allowed  to  stand  for  a 
short  time,  and  then  blown  off.     This  makes  a  good  facing. 

Cutting  the  heavy  runner  over  the  top  of  the  thin  plate  ensures  a 
sulhcient  supply  of  clean  hot  metal  to  the  gates 
under  pressure   enough  to  force  the  metal  into 
everA-  detail  of  the  mold  before  it  has  time  to  chill. 

B,  Fig.  128,  shows  the  difference  in  construc- 
tion of  gate  when  a  heavier  piece  is  cast  with  the 
llask  setting  horizontally.  The  gate  proper  is  cut 
in  the  drag,  but  a  good  feeding  head  is  cut  out  of 
the  cope  .side  to  keep  the  metal  in  the  riser  liquid 
until  the  casting  has  solidified. 

For  duplicating  work  the  sand  match,  oil 
match,  or  follow  board  are  used,  the  same  as  for 
iron  work. 

Fig.  129  shows  a  typical  set  of  castings  run 
from  the  end  and  made  from  gated  patterns  set 
in  an  oil  match.  Steady  pins  are  placed  on  the 
gates  to  facilitate  a  clean  lift. 

Cores  for  brass  work  are  made  up  as  previously  described.     To 


Pig.  129. 

Duplicate  Gated 

Work. 
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give  a  smoother  surface  on  the  small  cores  about  one  third  molding 
sand  is  often  mixed  in  with  the  beach  sand  of  the  stock  mixture. 

CLEANING 

When  the  castings  are  taken  from  the  sand  they  should  be  rapped 
smartly  to  free  all  loose  san.l,  then,  if  machining  is  to  be  done  on  them, 
they  should  be  plunged,  while  hot,  into  water.  This  softens  t^ie  cast- 
ings    This  method  is  used  also  to  blow  out  cores  from  small  work. 

A  Sprue  Cutter,  shown  in  Fig.  130,  is  part  of  the  eciuipment  ot  a 
brass  foun.lrv.  These  machines  are  made  to  operate  by  foot  as  shown 
or  by  power.*    W^ith  them  the  castings  are  cut  neatly  an.l  (luickly  from 

the  runners.  .  i       £         • 

Brass  does  not  burn  into  the  sand  as  much  as  iron,  therefore,  m 

many  shops,  the  small  castings  are 
brushed  clean  before  being  cut  from 
the  gates,  by  means  of  a  circular 
scratch  brush  mounted  on  a  spindle 
similar  to  a  polishing  wheel. 

A  good  method  of  cleaning  V)rass 
and  bronze  is  by  picklinrj.  Make  a 
mixture  of  2  parts  common  nitric  acid 
and   1    part  sulphuric  acid,  in  a  stone 


Fig.  130.    sprue  cutter.  ^ig.  m.    Dipping  »a.Uet. 

iar  Place  the  piece  to  be  cleaned  in  a  stone  dipping  basket,  F.g  131, 
and  dip  once  into  the  acid,,  then  wash  otl"  in  clean  water  and  chy  m 

""in  many  cases  brass  chips  and  filings  will  be  turne.l  back  to  the 
foundry  to  be  remelted.  The  smallest  portions  of  steel  or  iron  in 
these  would  prevent  their  being  iised  in  this  way,  as  they  make  ex- 
tremely  hard  spots  in  the  castings. 
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Fii^.  \'-')'2  shows  ii  iiiagncfic  .srparaior  wliicli  cll't'ctivcly  removes  all 
.steel  and  iron  chips.  The  brass  ehi[)s  and  sweepings  from  the  ma- 
chine shop  are  placed  in  the  iiopper  of  this  machine.  They  are  caused 
to  he  spread  out  on  one  side  of  a  slowly  revolving  brass  covered  drum, 
A.  Inside  of  this  brass  shell  are  strong  magnets  which  hold  the  steel 
and  iron  chij)s  to  the  surface  while  the  brass  chi])s  drop  off  into  a  tote 
1)().\.  A  stiff  brush  at  the  back  of  the  cylinder  removes  the  iron  chips 
and  they  drop  into  a  separate  box. 

MELTING 

All  alloy  metals  burn  if  exposed  to  the  air  while  melting,  and 
especially  zinc  and  tin.     To  prevent  this  burning  the  bra.ss  melter 


I'ig.  i;«.    Magnetic  Separator. 

endeavors  to  control  the  draft  in  his  furnace  so  that 
all  oxygen  entering  the  gates  will  combine  with  the 
fuel,  so  that  gases  which  may  reach  the  metal  shall 
contain  no  free  oxygen. 

For  this  reason  the  ordinary  brass  furnace  is 
a  natural-draft  furnace,  although  a  forced  draft  is 
often  connected  below  the  grates  to  make  com- 
bustion independent  of  atmospheric  conditions. 

The  metal  does  not  come  in  direct  contact 
with  the  fuel,  but  is  contained  in  fire-clay  pots 
called  crucibles,  which  are  bedded  in  the  fire. 
Hard  coal  or  coke  is  used  for  fuel. 

These  crucibles,  Fig.  133,  A,  are  manufactured  from  a  very  re- 
fractory fire-clay  mixture  and  are  stronjr  and  tough  even  at  a  high 


Fig.  133.  (A)  Crucible. 
•(B)  Tongs. 
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temperature.     They  are  lifted  in  and  out  of  the  furnace  by  the  tongs 
shown  at  B,  Fig.  133.     For  the  Uirger  sizes  a  crane  is  used  for  hoisting 

the  pot. 

Crucibles  are  made  in  a  great  variety  of  sizes,  as  they  are  used  m 
many  different  metal  industries,  from  that  of  the  jeweler  to  that  of  the 
steel' manuf ac-turer.  They  are  classed  by  number,  the  following  table 
gives  data  regarding  a  few  sizes. 

SIZES  OF  CRUCIBLES 


Nos. 

Holding  Capacity 
Liquid  Measure 

Height   Di^^m^ter 
outside     ^'^^^^^ 

Diameter  Diameter  \  Capacity 
at  Bilge    at  Bot  torn  lu  Weight 
Outside      Outside  !  of  Water 

0 

Gal. 

Qt. 

Pt. 

Inches 
2 

Inches 

1^4 

Inches       Inches 

m     ;     IK 

Pounds 

0000 

3 

2H 

■       2J4                1% 

6 

1 

6H 

5% 

5/8        j.-       3Ji 

3.08 

13 

3 

8 

654- 

6Ji 

5 

4.16 

30 

1 

1 

1 

11 

m 

SJi 

654 

11.5 

60 

3 

14 

lO^a 

UVb 

8 
9 

25. 

90 

4 
13 

UK 

12% 

33.3 

300 

2          1 

32 

16'^        1      17J4        1       12K 

104. 

The  melting  capacity  of  any  of  these  sizes  may  be  obtained  by 
multiplying  the  figure  given  in  the  c-olumn  "Weight  of  Water"  by  the 
specific  gravity  of  metal  to  be  used. 

New  crucibles  should  always  be  annealed  before  using,  that  is, 
brought  very  slowly  to  a  low  red  heat.  This  drives  out  any  moisture 
absorbed  from  the  air  since  coming  from  the  kiln  in  which  they  were 
baked.     Disregard  of  this  generally  results  in  a  cracked  crucible. 

Natural  Draft  Furnaces  are  usually  called  brass  furnaces,  and 
may  be  bought  on  the  market  made  up  in  single  complete  units. 

*  Fig.  134  illustrates  one  of  a  battery  of  several  furnaces  connecting 
with  a'l-ommon  flue.  The  top  is  on 'a  level  with- the  molding  floor. 
The  sketch  shows  clearly  the  principles  of  construction.  A  cast  iron 
bottom,  plate  A,  with  a  circular  opening,  carries  a  shell  of  boiler  plate 
lined  with  fire  brick.  The  diameter  of  the  inside  lining  should  be  0 
inches  larger  than  the  crucible  to  be  used.  A  top  plate,  with  a  similar 
opening,  binds  the  whole  together.  On  one  side,  below  the  top,  an 
opening,  B,  which  may  be  formed  by  a  cast  iron  box,  connects  with  the 
flue  or^stack.  Two  heavy  ribs,  cast  on  the  bottom  plate,  rest  on  a 
pair  of  rails  as  shown,  and  these  rails  are  supported  by  suitable  piers  of 
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brickwork,  mIx.uI  two  tVot  \w^h,  so  that  ashes  may  be  conM-nirntly 
rt'iDoved  when  the  iuniace  is  dumped.  In  the  sjpace  between  the 
b.;ttom  phite  and  rails,  made  by  tlie  ribs,  the  grate  bars,  C,  are  set. 
These  bars  are  h)ose  and  may  be  })ulk'd  out  when  it  is  desired  to  <hnii|) 
tlie  fire  for  the  day. 

Operation.     In  numing  ,,ir  a  |,eat  a  l)ed  of  freslilv  Hghted  fuel 
about  S  inches  deep  is  made  over  the  grate  bars.     The  crucilJe,  packed 
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Fig.  134.    Natural  Draft  Furnace. 

as  full  as  possible  with  the  charge,  is  lowered  in  and  the  space  around 
it  filled  with  fuel.  The  crucible  should  be  kept  covered,  especially 
for  brass.  In  melting  brass,  melt  down  the  copper  first,  then  the 
scrap.  When  this  is  melted,  charge  the  zinc  and  stir  well  before  lifting 
the  pot.  Allow  the  mixture  to  come  to  the  proper  heat  again,  then 
pull  the  pot,  skim  off  the  dross,  and  stir  in  the  lead  if  any  is  called  for, 
just  before  pouring. 

In  bronze  the  same  method  is  pursued,  l)ut  both  the  tin  and  zinc 
are  stirred  in  after  the  pot  is  drawn. 

In  mixing  in  the  zinc  in  brass,  care  must  be  taken  to  plunge  it  well 
under  the  surface  of  the  copper  with  long  handled  pick-up  tongs,  and 
to  hold  the  piece  down  with  the  stirring  bar  until  it  has  melted. 

W^here  a  large  casting  requires  more  metal  than  can  be  melted  in  a 
single  crucible,  several  furnaces  mu.st  be  u.sed  and  the  contents  of  their 
various  crucibles  assembled  into  one  large  pouring  ladle  just  before 
pouring. 
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Gas  or  Oil  Furnace.  Witli  the  development  of  natural  gas  and 
crude  oil  burners  for  commercial  heating,  several  good  furnaces  have 
been  designed  in  which  a  large  quantity  of  metal  can  l)e  melted  at  one 
time. 

Fig.  135  shows  a  furnace  of  this  character  in  section.     This  type 


Fig.  135.    Section  Through  Oil  Furnace. 

has  tandem  melting  chambers  with  burners  at  the  end,  which  may  be 
used  separately  or  both  together.  The  waste  ga.ses  from  the  i)ath  of 
liquid  metal  are  used  to  heat  up  a  fresh  charge  in  the  other  chamber. 


/•^e/f/ng  /"ufnace 


Fig.  136.    Oil  Furnace— General  Elevation. 
The  metal  is  charged  and  poured  from  the  openings  at  the  top  of  the 
furnace.     Each  chamber  may  be  revolved  separately,  to  empty  the 
furnace  when  the  charge  is  melted.     Fig.  13G  shows  the  general  ar* 
rangement  of  the  oil  feed  pump,  and  blower  for  these  melting  furnaces. 
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The  flame  plays  directly  on  to  the  metal.  The  oil  pressure  should 
remain  constant  at  about  5  pounds  per  square  inch.  But  the  air  pres- 
sure is  regulated  to  vary  the  intensity  of  the  heat  as  desired. 

The  pouring  ladle  must  be  well  heated  before  using.  This  is 
done  with  a  special  gas  burner,  or  when  crucibles  are  used,  they  are 
often  heated  by  means  of  a  small  fire  in  an  ordinary-  furnace. 

Different  sizes  of  furnaces  are  built  to  melt  from  250  to  2000 
pounds  of  metal  at  a  heat.  Twelve  or  fourteen  heats  a  day  can  be  run. 
The  saving  is  approximately  50  per  cent  in  time  and  is  also  ver>'  con- 
siderable in  expense,  over  ordinarj^  crucible  furnaces  of  equal  capacity. 

SHOP  MANAGEMENT 

The  success  of  a  foundry  depends  upon  the  abilitv  of  its  managers 
to  promptly  turn  out  castings  which  will  meet  the  requirements^de- 
manded  of  them,  at  the  lowest  possible  cost  commensurate  with  the 
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Fig.  137.    Typical  Plan  of  Foundry. 

quality  of  the  work.  In  this  chapter  we  wish  to  direct  the  attention  of 
students  to  some  features  in  the  way  of  equipment  and  management 
which  aid  in  accomplishing  these  results. 
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The  most  important  processes  in  the  foundry  are  mehing  metal, 
makinir  mohls,  and  pouring  them.  INIuch  of  the  work  necessary  in 
preparing  for  these  processes  consists  of  handling  heavy  materials  such 
as  coke,  irpn,  sand,  etc.  To  reduce  this  handling  to  its  lowest  limits, 
as  to  distances,  number  of  re-handlings,  and  methods  of  conveyance, 
are  problems  to  be  considered  in  the  plan  of  the  shop  as  a  whole. 

To  briefly  illustrate  some  of  the  points  to  be  brought  out,  let  us 
consider  the  plan  of  a  shop  shown  in  Fig.  137,  and  its  sectional  eleva- 
tion shown  in  Fig.  13S. 

The  building  is  of  steel  construction  and  the  columns  supporting 
the  roof  trusses  serv^e  also  to  carry  the  tracks  for  the  overhead  traveling 
cranes. 

The  outer  walls  should  be  filled  in  with  some  good  weather-re- 


Fig.  138.    Typical  Elevation  of  Foimdi-y. 

sisting  material  of  which  there  is  nothing  better  than  brick.  These 
walls  should  be  of  good  height  and  have  a  sufficient  window  area  to 
supply  light  well  in  toward  the  middle  of  the  shop. 

The  method  of  heating  and  ventilation  best  adapted  for  a  foundry 
is  the  indirect  fan  system.  One  or  more  large  fans  situated  generally 
toward  the  ends  of  the  .shop,  draw  fresh  air  in  through  a  compact  sys- 
tem of  steam  coils,  and  by  means  of  overhead  piping  deliver  it  to  all 
portions  of  the  shop.  The  impure  gases  are  carried  off  through  venti- 
lators in  the  clear  story  at  the  top  of  the  roof. 

The  floor  of  the  foundry  should  consist  of  molding  sand,  the  depth 
of  the  sand  floor  varying  with  the  class  of  work  to  be  done.  If  the 
natvn-al  soil  of  the  grounds  is  open  and  porous,  a  thickness  of  3  or  4 
inches  of  clay  well  rolled  down  should  be  put  in  underneath  the  sand 
floor.  This  will  help  greatly  in  keeping  the  molding  floor  in  good  con- 
dition, as  it  prevents  the  moisture  draining  out  of  the  sand. 

The  foundry  office  should  be  located  at  such  a  point  that  the  fore* 
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man  can  command  a  view  of  the  whole  shop.  It  should  be  convenient 
to  the  (hirt^rent  departments  and  at  the  same  time  be  protected  as  far 
as  possible  from  dust.  The  office  room,  shown  in  Fig.  137  at  A  is 
l)iiilt  on  the  outside  of  the  main  building,  but  has  a  large  bay  window 
which  projects  a  few  feet  into  the  shop  from  which  all  corners  of  the 
foundry  can  be  seen. 

A  space  B  having  suitable  low  tables  and  shelving,  is  ^eser^'ed  near 
the  office  for  the  temporary  storing  of  patterns  in  daily  use.  This 
1. rings  them  directly  under  the  attention  of  the  foreman  and  his  assist- 
ants who  can  readily  check  the  patterns  as  they  come  in  an<l  fjuicklv 
find  those  requiring  prompt  attention. 

At  C  is  shown  the  cupolas,  directly  opposite  the  foreman's  office, 
and  so  situated  that  all  of  the  molding  floors  may  be  serv^ed  as  quickly 
as  possible  without  interfering  one  with  the  other. 

In  large  foundries  there  are  two  or  more  cupolas,  to  admit  of 
different  mixtures  being  melted  simultaneously.  Often  a  compara- 
tively small  cupola  is  installed  near  the  floor  for  light  work  for  the 
service  of  that  floor  alone. 

The  blowers  should  be  placed  near  the  cupolas  avoiding  long 
connecting  wind  pipes.  The  application  of  electric  motors  remov^ 
the  necessity  of  concentrating  the  power  at  one  point  in  the  shop. 

The  main  bay  of  the  foundr\'  is  devoted  to  the  heaviest  work  and 
is  sen-ed  by  at  least  two  overhead  cranes. 

The  heavy  green  sand  castings  are  made  at  one  end  so  that  the 
flasks  for  this  work  may  be  stored  in  yards  near  by  and  be  brought  in 
through  the  door  D.  These  molds  are  made  up  furthest  from  the 
cleaning  shed  because  only  the  castings  themselves  need  be  transferred 
there. 

The  flasks  and  rigging  for  the  dry  sand  and  loam  molds  should  be 
brought  in  through  the  opposite  door,  K.  The  loam  work  as  a  rule 
IS  the  most  bulky  to  hanflle  and  should  be  nearest  the  cleaning  sheds 
so  that  it  need  not  be  carried  across  the  other  floors.  Both  drj-  sand 
and  loam  floors  are  convenient  to  the  large  ovens,  F. 

The  core  shop  is  situated  in  the  side  bay  at  G,  to  make  it  con- 
venient to  swing  the  large  cores  on  to  the  l)uggies  to  be  run  into  the 
large  ovens.  A  jib  crane  near  the  corner  of  these  ovens  makes  the 
men  working  on  such  cores  independent  of  the  traveling  crane.     The 
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ovens  for  small  cores  are  built  along  the  side  of  the  large  ovens  and 
utilize  the  same  stoke  hole,  ash-pit  and  stack. 

Distributed  through  the  side  bays  also  are  the  medium  work 
floor  II  the  light  work  floor  I  and  the  molding  machine  floor  J. 
This  ensures  a  supply  of  good  light  necessary  to  the  smaller  details  of 

this  class  of  work. 

The  molding  machines  are  placed  on  that  side  of  the  shop  near 
the  sand  storage  sheds,  to  allow  for  handling  the  sand  by  means  of  belt 
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Automatic  Sand  Mixer. 


Fig.  139. 

conveyors,  with  hoppers  above  the  machines,  an  illustration  of  which 
is  shown  in  Fig.  139. 

The  sand-mixing  space  is  in  the  side  bay  near  the  cupolas  at  K, 
and  is  furnished  with  power  from  independent  motors  or  from  a  jack 
shaft  leading  from  the  blower  room.  This  position  affords  direct 
access  to  the  sand  bins.  The  raw  material  after  being  mixed  and 
tempered  is  delivered  by  barrow  or  sand  car  direct  to  the  various  floors. 
The  mixers  might  be  installed  in  one  of  the  storage  vaults  across  the 

roadway. 

The  quickest  means  of  unloading  either  wagon  or  carload  lots  of 
material  is  by  dumping,  where  the  material  can  be  so  handled.  One 
of  two  things  is  necessary  to  accomplish  this:  either  the  storage  bins 
must  be  placed  in  a  basement  underneath  the  roadbed,  or  the  roadway 
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must  be  run  up  an  incline  over  the  top  of  the  bins.  The  t'oniitr  meth- 
od is  more  fre(|uently  met  with  in  the  crowded  concHtion  of  the  large 
cities,  but  the  latter  is  preferable  because  less  time  is  consumed  in  run- 
ning material  uj)  an  incline  in  lari;e  (|uantities  than  will  be  required  to 
hoist  small  (juantities  more  fre(iuentl y  from  a  basement. 

At  L  and  J/,  Figs.  137-138,  is  shown  the  storage  yards  for  pig 
iron  and  coke;  these  are  on  a  level  with  the  charging  platform  of  the 
cupola  C  C/,  and  can  be  loaded  on  cars  and  pushed  directly  to  the 
charging  door.  In  some  modern  shops  these  push  cars  are  built  so 
that  their  load  may  be  dumped  as  a  whole  into  the  cupola. 

The  storage  for  core  oven  fuel,  sands  and  day,  is  shown  at  M  M, 
in  l>ins  built  iniderneath  the  tracks  and  on  a  level  with  the  foundry 


Fig.  liO.    Overhead  Track  aud  Trolley. 

floor.  These  bins  should  be  arranged  to  open  on  top  with  a  shute 
under  the  track  and  a  trap  at  the  side  so  that  coal  or  sand  may  either 
be  dumped  or  shoveled  directly  into  them. 

Tn  the  largest  shops  a  standard  gauge  track  should  run  directly 
through  the  main  foundry,  also  similar  tracks  through  the  roadway 
next  the  cupola  bay,  for  convenience  in  removing  the  dump.  The 
track  over  the  storajre  bins  has  been  mentioned. 

Two  methods  of  transferring  material  between  departments  with- 
in the  shop,  aside  from  the  cranes,  are  the  overhead  trolley  system.  Fig. 
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140,  and  the  narrow  gauge  industrial  railway.  The  former  is  of  ad- 
vantage in  manufacturing  phmts  where  the  h)ads  to  be  transferred  are 
nearly  uniform  in  weight  and  frequency  of  handling.  This  system 
leaves  gangways  smooth  and  free  from  obstructions.  For  general 
work,  however,  the  industrial  raihvays  are  more  frecjuently  installed. 
These  serve  all  floors  to  deliver  flasks,  sand,  or  iron,  and  to  remove 
castings. 

Of  the  many  styles  of  overhead  traveling  cranes  that  are  on  the 
market  those  using  electricity  as  the  motive  power  are  undoubtedly 
the  most  serviceable.  The  cranes  in  tlie  main  foundry  indicated  at 
O',  Fig.  138,  should  have  two  hoisting  drums  on  the  carriage;  one  for 
such  light  work  as  handling  flasks,  rigging  and  patterns,  the  other  for 
the  heavy  work  on  the  large  ladles  and  castings. 

Small  jib  cranes  furnished  with  a  2-  to  4-ton  air  or  electric  hoist 
placed  on  the  side  of  a  man's  floor  nuike  it  j)Ossible  for  the  molder  and 
helper  to  handle  work  of  considerable  size  by  themselves,  and  pre- 
vent loss  of  time  waiting  on  the  overhead  crane. 

The  method  of  distributing  the  melted  metal  varies  with  the  class 
of  work  made.  In  shops  doing  general  jobbing  work,  the  ladles  for 
pouring  the  largest  work  are  carried  from  the  cupola  direct  by  the 
overhead  cranes. 

For  serving  the  floors  in  the  bays  one  of  the  systems  mentioned 
above  is  generally  used.  The  metal  is  conveyed  to  the  floor  in  a  large 
ladle  and  from  this  smaller  ones  are  filled  and  carried  by  hand  or  by  a 
small  crane  to  the  molds. 

The  cleaning  department  should  be  situated  at  one  end  of  the 
shop  near  E,  Fig.  1.37,  or  in  a  shed  extension  to  the  foundry  proper. 
It  requires  space  to  pile  the  castings  as  they  are  brought  from  the 
floors  with  sufficient  room  for  the  men  to  begin  work  on  these  piles. 
As  a  rule  the  smaller  castings  are  first  collected  and  put  through  the 
tumbling  barrels,  then  the  medium  work  is  cleaned  by  hand  or  sand 
blast;  this  leaves  room  for  work  around  the  largest  pieces.  As  soon 
as  castings  are  cleaned  they  are  weighed  and  shipped  to  the  customer, 
store  house,  or  to  the  department  which  does  the  next  operation  upon 
them. 

DIVISION  OF  LABOR 

'^rhe  division  of  labor  in  a  foundry  is  briefly  as  follows: 

The  superintendent  is  responsible  for  the  operation  of  the  foundry 
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as  a  wliole.  I  Ic  hires  the  men  and  oversees  the  purchase  of  materials 
and  snppHes,  havini)^  under  liini  clerks  who  keep  track  of  the  details  of 
tliis  work.  Some  of  the  things  to  which  he  gives  personal  attention 
arc: 

In  c-onsultation  with  his  foreman  he  gives  personal  attention  to 
the  receipt  of  the  most  important  patterns;  decides  how  they  shall  be 
molded;  on  what  floor  and  what  mixture  shall  be  used  to  pour  them. 
He  devises  ways  and  means  of  increasing  the  productivenesii  of  his 
shoj). 

The  foreman  or  his  assistants  must  be  in  the  shop  a  sufficient 
time  l)efore  work  begins  for  the  day  to  .see  that  each  molder  has  work 
laid  out  for  him,  and  must  keep  the  men  supplied  with  work  through 
the  day.  He  estimates  the  amount  of  the  charge  for  the  day  and 
directs  the  melter  as  to  mixtures. 

It  is  the  duty  of  the  foreman  and  his  assistants  to  give  directions  to 
the  apprentice  boys  and  to  see  that  these  directions  are  carried  out  to 
the  best  of  the  boys'  ability. 

The  molders  should  give  their  entire  time  to  making  up  molds. 
On  floor  wcrk  they  are  usually  given  a  helper  who  totes  flasks,  cores, 
chaplets,  etc.,  and  does  the  heavier  work  when  handling  the  sand. 
Wlien  the  molds  are  poured  and  his  flasks  stripped  off  the  molder  i.s 
through  for  the  day. 

Most  modern  shops  employ  a  night  gang  of  laborers  to  put  the 
shop  in  proper  shape  for  the  molders  to  start  their  special  work  im- 
mediately when  the  whistle  blows  in  the  morning.  These  men  re- 
move the  castings  from  the  sand  and  transfer  them  to  the  cleaning 
shed.  They  pick  out  all  bars  and  gaggers  used  in  the  molds  and  stow 
them  in  place.  They  temper  and  cut  the  sand  and  dig  any  pits  nec- 
essary for  bedding  in  work. 

CHECKING  RESULTS 

The  methods  of  mixing  iron  by  analysis  have  been  dealt  with  in 
an  earlier  chapter,  but  these  mixtures  must  be  cnecked  by  j^hysical 
tests  on  the  resulting  castings. 

Two  systems  are  now  in  more  or  less  general  use  throughout  the 
I'nited  States. 

Mr.  W.  J.  Keep,  of  Detroit.  Michigan,  who  has  had  long  ex- 
perience in  this  subject,  has  invented  a  xerv  complete  system  of  regu- 


291 


138 


FOUNDRY  WORK 


lating  mixtures  which  he  terms  "Mechanical  Analysis."  Fig.  141  A 
shows  a  follow  board  arranged  with  patterns  and  yokes.  The  test 
bars  are  1  inch  square  and  12  inches  long.  They  are  cast  in  green 
sand  with  their  ends  chilled  against  the  faces  of  the  cast  iron  yokes, 
shown  in  the  cut.  Three  UK^lds  should  be  cast  each  heat,  and  the 
test  bars  allowed  to  cool  in  the  molds. 

Mechanical  Analysis  is  based  on  the  fact  that  silicon  is  the  most 


A  B 

Fig.  141.     (A)  Keep's  Test  Bar  Pattern.— (B)  Measuring  Shrinkage. 

important  variable  chemical  element  in  cast  iron,  and  that  shrinkage  in 
castings  is  directly  proportionate  to  the  silicon  in  the  mixture. 

The  first  test  is  to  replace  each  bar  in  the  same  yoke  in  which  it 
was  cast  and  by  means  of  a  specially  graduated  taper  scale  ascertain 
accurately  the  amount  of  shrinkage.     See  Fig.  141,  B. 

The  shrinkage  of  the  bars  when  the  castings  prove  satisfactory 
should  be  considered  the  standard  for  that  class  of  work  for  that  shop. 
If  at  any  time  the  shrinkage  is  greater  than  the  standard,  increase  the 
silicon  by  using  more  soft  pig;  if  it  is  less,  decrease  silicon  by  using  more 
scrap  or  cheaper  iron. 

The  depth  of  chill  on  the  castings  is  measured  after  chipping  off 
a  piece  from  the  end  of  the  bar. 

The  third  test  is  to  obtain  the  transverse  strength  of  each  bar. 
This  is  done  on  a  special  testing  machine  which  gives  a  graphical 
record  of  the  deflection  and  ultimate  breaking  load.  These  dead 
loads  will  vary  with  different  mixtures  approximately  from  340  to  500 
pounds. 

Quoting  from  Mr.  Keep's  circular: 

"  Witli  high  shrinkage  and  high  strength  of  a  J-inch  square  test  bar,  heavy 
casting.s  will  be  strong  but  small  castings  may  be  brittle. 

"With  low  shrinkage  and  high  strength  large  castings  will  be  weak  and 
small  castings  will  be  strong. 

"With  uniform  shrinkage  an  increase  in  the  strength  of  a  |-inch  square 
test  bar  will  increase  the  strength  of  all  castings  proportionately." 
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The  other  form  of  tests  was  devised  by  a  committee  of  the  Amer- 
ican Foundrymen's  Association,  and  is  recommended  in  the  Proposed 
Standard  Specifications  for  Gray  Iron  Castings  by  the  American 
Society  for  Testing  Materials.  A  partial  summary  of  these  specifica- 
tions is  as  follows: 

"Unless  furnace  iron  is  specified,  all  gray  castings  are  understood  to  be 
made  by  the  cupola  process. 

"Light  castings  are  those  having  any  section  less  than  J  inch. 
"Heavy  castings  have  no  section  less  than  2  inches. 
"Medium  castings  are  those  not  included  in  the  above  " 

The  test  bar  is  Ij  inches  in  diameter  and  15  inches 
long,  and  is  known  as  the  "Arbitration  Bar."  The  ten- 
sile test  is  not  recommended  but  if  called  for  a  special 
threaded  test  piece  is  turned  down  from  the  "Arbitration 
Bar,"  and  has  a  test  section  .8  inch  in  diameter  and  1  inch 
between  shoulders. 

The  transverse  test  is  made  with  supports  12  inches 
apart. 

Fig.  142  shows  a  sketch  of  the  patterns  for  these  bars. 
Two  bars  are  rammed  in  a  flask  and  poured  on  end. 
The  small  prints  on  the  two  bar  patterns  project  into  the 
cope  and  are  connected  by  one  pouring  basin.  A  special 
green  sand  mixture  is  specified  for  making  these  molds; 
the  molds  are  to  be  baked  before  pouring,  and  the  bars 
allowed  to  remain  in  the  sand  until  cold. 

The  following  table  shows  the  specified  requirements: 

TESTS  ON  "ARBITRATION  BAR" 


-a- 


1^ ^ 


Fig.  143. 

Pattern  for 

Arbitration 

Bar. 


Grade  of  Castings 

Chemical,  Prop- 

EKTIBS 

Physical  Properties 

Sulphur  Content 
Not  Over 

Transverse  Test* 
Minimum  Break- 
ing Strength 

Tensile  Strength  Not 
Less  Than 

Light  castings 

0.08  per  cent 

2500  lbs. 

18,000  lbs.  per  sq.  in. 

Medium  castings 

0.10  per  cent 

2900  lbs. 

21,000  lbs.  per  sq.  in. 

Heavy  castings 

0.12  per  cent 

3300  lbs. 

24,000  lbs.  persq  in 

*In  no  case  shall  the  deflection  be  under  .10  of  an  inch. 
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RULES  AND  TABLES 


MENSURATION 


Circumference  of  a  circle 

Area   of   a  square  or  rectangle 

Area  of  a  triangle 

Area  of  a  circle 

Convex    surface  of   a  cylinder 

Convex  surface  of    a  sphere 

Contents  of  a  rectangular  solid 

Contents  of  a  cylinder 

Contents  of  a  sphere 

One  side  of  square  having  same 
area  as  given  circle 


diameter  X  3.1416 
base  side  X  height 
base  X  perpendicular  height 
diameter  squared  X  .7851 
circumference  X  height 
circumference  X  diameter 
area   of   base  X  height 
area  of  base' circle  X  height 
cube  of  diameter  X  .5623 
(  diameter  X  .8862 


or 
circumference  X 


.2821 


AREAS  OF  CIRCLES  AND  THEIR  CIRCUMFERENCES 


U 
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Oj 

a> 
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3 

a 

< 
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3 

a 

2 

< 

ft 

S 

^ 

0 

S 

V 

o 

6 

0.0123 

.3926 

10 

78.54 

31.41 

30"^ 

706.86 

94.34 

65 

3318.3 

0.0J91 

78.54 

'A 

86.59 

32.98 

31 

7M.76 

97.38 

66 

3431.3 

0.1104 

1.178 

11 

95.03 

34  55 

33 

804.34 

100.5 

67 

3.525  6 

0.1963 

1.570 

% 

103.86 

36.12 

33 

855.30 

103.6 

68 

3()31  6 

0.3067 

1.963 

13 

113  09 

37.69 

34 

907  93 

1)6.8 

69 

3739  3 

0  4417 

2.a56 

'A 

123.71 

39  27 

35 

963.11 

109.9 

70 

3848  4 

0.6013 

2  748 

13 

133  73 

40.85 

36 

1017.8 

1 13  0 

71 

39.59  2 

0  7854 

3.141 

'A 

143.13 

43.41 

37 

1075  3 

116.3 

73 

4071  5 

0.9940 

3.534 

14 

153.93 

43.98 

38 

1134.1 

119.3 

73 

4185.3 

1,227 

3  927 

V2 

165.13 

45. 55 

39 

1194.5 

132.5 

74 

4300  8 

1.484 

4.319 

15 

176  71 

47.13 

40 

1256  6 

125.6 

75 

4417.8 

1.767 

4.713 

'A 

188.69 

48.69 

41 

1320.2 

138.8 

76 

4536.4 

2.078 

5.105 

16 

201.06 

.50.26 

43 

1385.4 

131,9 

77 

4(),56.0 

2  405 

5.497 

'A 

213.83 

51.83 

43 

1453.3 

135.0 

78 

4778.3 

2  761 

5.890 

17 

326  98 

53  40 

44 

1520.5 

138  3 

79 

4901  6 

3  141 

6.283 

'A 

240  52 

.54.97 

45 

1.590.4 

141.3 

80 

5026.5 

3  976 

7.068 

18 

354.46 

56.54 

46 

1661.9 

144.5 

81 

51.53  0 

4  908 

7.854 

'A 

268  80 

58  11 

47 

1734.9 

147.6 

83 

.5281.0 

5.989 

8.639 

19 

283  52 

59.69 

48 

1809.5 

150.7 

83 

,5410  6 

7.068 

9.424 

^ 

298  64 

61.26 

49 

1885.7 

153  9 

84 

.5541.7 

8.295 

10.21 

20 

314  16 

62.83 

50 

19ba  5 

1.57.0 

a5 

.5674.5 

9  621 

10.99 

'A 

330.06 

64  40 

51 

3043.8 

160.3 

86 

.5808.8 

11.044 

11  78 

21 

316.36 

65.97 

53 

2123  7 

163.3 

87 

.5944.6 

12  566 

12.56 

'A 

3()3  05 

67  54 

53 

2206.1 

166  5 

88 

6082  1 

15  904 

14.13 

22 

380. 13 

69  11 

54 

2290.3 

169  6 

89 

6221.1 

19  635 

15.70 

'A 

397.60 

70.68 

55 

2375  8 

173.7 

90 

6361  1 

23.7.58 

17.27 

33 

415.47 

72.35 

56 

2463.0 

175.9 

91 

(),5(«.^, 

28.274 

18.84 

A 

433  73 

73.83 

57 

2.551  7 

179.0 

93 

()647  6 

33  183 

20.42 

24 

452.39 

75.39 

58 

2643.0 

182.2 

93 

6792.9 

38.484 

21.99 

Vz 

471.43 

76.96 

.59 

3733.9 

ia5.3 

94 

6939.7 

44.178 

23  .56 

25 

490.87 

78.54 

60 

3827.4 

188.4 

95 

7088  2 

50.265 

25  13 

26 

530.93 

81.68 

61 

3922  4 

191.6 

96 

72.38.3 

56.745 

26  70 

37 

.572.55 

84.83 

63 

3019.0 

194.7 

97 

7389  8 

63.617 

28  27 

28 

615.75 

87.96 

63 

3117.2 

197  9 

98 

7543.9 

70.883 

29.84 

29 

660.52 

91  10 

64 

3316  9 

201.0 

99 

7697.7 

204.3 
207.3 
210.4 
213.6 
216.7 
219.9 
333  0 
336  1 
329  3 
333.4 
2;i5.6 
238  7 
241  9 
215.0 
248  1 
251.3 
2.54.4 
257  6 
260  7 
263.8 
267.0 
270  1 
373.3 
376  4 
270.6 
283  7 
385  8 
289.0 
392  1 
395  3 
298.4 
301.5 
.304  7 
307.8 
311.0 
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RULES  FOR  USING  PERCENTAOE 

To  find  the  prrrrnf(i(/r  of  any  nnnil)er  wlion  the  rafr  per  ccjit  ii 
(jivvn: — Multij)ly  the  rnnnhcr  hy  the  rate  per  cent  and  set  the  decimal 
point  two  places  to  the  left. 

Example:  Find  7.5  per  cent  of  35.  35  X  7.5  =  2G2.5,  decimal 
point  moved  two  places  to  the  left  gives  Ans.  2.025. 

To  find  what  raie  per  cent  one  number  is  of  another.  Add  two 
cipliers  to  the  percentage  and  divide  l)y  the  number  on  which  the  per- 
centage is  reckoned. 

Example:     \Vhat  per  cent  of  75  tons  is  9  tons?     900  -f-  75  =  12 

Ans.  12  per  cent. 

To  find  a  number  when  the  rate  per  cent  and  the  percentage  is 
known. — Add  two  ciphers  to  the  percentage  and  divide  by  the  rate 
per  cent. 

Example:  If  fiS  pounds  is  15  per  cent  of  the  entire  charge,  how 
many  pounds  in  the  total  charge?     Ans.  G800  -^  15  =  453.33  pounds. 

To  find  what  number  is  a  certain  per  cent  more  or  less  than  a  given 
number. 

When  the  given  number  is  more  than  the  recjuired  number  add 
two  ciphers  to  the  number  and  divide  by  100  plus  the  rate  per  cent. 

Example:  465  is  35  per  cent  more  than  what  number?  46500  -^ 
(100  +  35)  135  =  344.4.    Ans. 

When  the  given  number  is  less  than  the  required  number  add  two 
ciphers  to  the  number  and  divide  by  100  minus  the  rate  per  cent. 

Example:  526  is  23  per  cent  less  than  what  number?  52600 -^ 
(100-23)  77  =  683.116.    Ans. 

CONVENIENT  DATA  FOR  STORAGE   CALCULATIONS 

Cubic  Measure 

1728  cubic  inches  =  1  cubic  foot. 
27  cubic  feet      =  1  cubic  yard. 

Square  Box  Mea.sure 

A  box  24    X  16    inches  and  28  inches  deep  contains  1  barrel 
"     "     16    X  16J      "         "       8      "  ••  "         1  bushel 

"     "       8i  X    8i      "         "       4      "  "  •'         1  gallon 

"     "      4    X    41       "  "       4      "  "  "         1  quart 

21  cubic  feet  of  river  sand  will  weigh  1  ton 

22  "        ■'     "  oit        "        "        •'      1    •' 
28      '         "     "  stiff  clay      "        "      1     " 
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USEFUL   FACTORS 

Inches  X  0.08333  =  feet 

Square  inches  X  0.00G95  =  sq.  feet 

Cubic  inches  X  0.00058  =  cu.  feet 

Cubic  inches  X  0.004329  =  U.  S.  gallons 

U.  S.  gallons  of  water  X  8.33  =  pounds 

U.S.     "          "  "      X  231.00  =  cu.  inches 

Pounds            "  "      X  27.72  =  cu.  inches 

Ounces            "  "      X  1.735  =  cu.  inches 

WEIGHT  CALCULATIONS 

Weight  of  round  iron  per  foot    =  Square  of  diameter  in  quarter  inches  multi- 
plied by  .1666 
Weight  of  flat  iron  per  foot         =  Width  X  thickness  X  10.3 
Weight  of  plates  per  sq.  ft.         =  5  pounds  for  each  ^  inch  in  thickness. 
Weight  of  chain  =  Diameter  squared  X  10.7  (approximate). 

Safe  load  (in  pounds)  for  chain  =  Square  of  quarter  inches  in  diameter  of  bar. 

To  compute  weight  of  metal   from  weight  of  pattern;  no  allowance  for 
cores  or  runners. 


For  Cast  iron 

Pattern  of 
White  Pine 

X  16.7 

Pattern  of 
Mahogany 

X  10.7 

"    Brass 

X  18. 

X  12.2 

"    Lead 

X  23. 

X  15. 

"    Tin 

X  15. 

X    9. 

"     Zinc 

X  16. 

X  10.4 

Weight  of  brass  pattern  X  .9  =  weight  of  iron  casting  approximately. 
TABLE  OF  SPECIFIC  GRAVITIES  AND  WEIGHTS  OF  METALS 


Material 

Specific 
Gkavity 

Weight  per 
Cubic  Incu 

(PODNUS) 

Water  at  39.1  deg.  F. 

1. 

.036 

Aluminum 

2.6 

.094 

Antimony,  cast    6.64  to 

6.74 

6.7 

.237 

Bismuth 

9.74 

.352 

Brass,  cast            7.8    to 

8.4 

8.1 

.30 

Bronze                    8.4    to 

8.6 

8.5 

.305 

Copper,  cast          8.6    to 

8.8 

8.7 

.32 

Gold,  pure,  24  carat 

19.25 

.70 

Iron,  cast               6.9    to 

7.4 

7.21 

.263 

Iron,  wrought       7.6    to 

7.9 

7.77 

.281 

Lead 

11.4 

.41 

Mercury  at  60  deg.  F. 

13.58 

.49 

Platinum             21.      to  22 

21.5 

.775 

Silver 

10.5 

.386 

Steel,  average 

7.8 

.283 

Spelter  or  Zinc      6.8    to 

7.2 

7. 

,26 

Tin,  cast               7.2    to 

7.5 

7,35 

.262 
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PRESSURE  IN   MOLDS 

For  depths  below  pouring  basin  varying  from  1  inch  to  12  feet. 


Depth 

Pressure 

Depth 

Pressure 

Depth 

Pressure 

Ft.  In. 

Pku  Sq.  In. 

Ft.    In. 

Per  Sq.  In. 



Ft.    In. 

PerSq.  In. 

1 

.26 

19 

4.94 

3    6 

10.92 

2 

.52 

20 

5.20 

4 

12.48 

3 

.78 

21 

5.46 

4    6 

14.04 

4 

1.04 

22 

5.72 

5 

15.60 

B 

1.30 

23 

5.98 

5    6 

17.16 

0 

1.56 

2    00 

6.24 

6 

18.72 

7 

1.82 

25 

6.50 

6    6 

20.28 

8 

2.08 

26 

6.76 

7 

21.84 

9 

2.34 

27 

7.02 

7    6 

23.40 

10 

2.60 

28 

7.28 

8 

24.96 

11 

2.86 

29 

7.54 

8    6 

26.52 

1   00 

3.12 

2     6 

7.80 

9 

28.08 

13 

3.38 

31 

8.06 

9    6 

29.64 

14 

3.64 

32 

8.32 

10 

31.20 

15 

3.90 

33 

8.58 

10    6 

32.76 

16 

4.16 

34 

8.84 

11 

34.32 

17 

4.42 

35 

9.10 

11    6 

35.88 

1    6 

4.68 

3    00 

9.36 

12 

37.44 

To  find  total  lifting  pressure  on  cope  multiply  pressure  per  square  inch  at 
given  depth  below  pouring  basin  by  area  (in  sq.  inches)  of  the  surface  acted 
against.  The  result  will  be  in  pounds. 


TEHPERATURES 

From  Late  Scientific  Investigations. 


Degrees  Fahrenheit 


Bright  iron  becomes 


Core  ovens — approximate 250  to 

(  Yellow     

J  Purple     

)  Indigo      

(  Gray    

Tm  melts 

Mercury  boils 

Lead  melts 

Zinc  melts 

Silver  melts    1 

Copper  melts 1 

Gold  melts 1 

(  a  dark  room  just  visible 

Iron  bar  red  in     ^  ordinary  office    1 

(  daylight  open  air 1 

f  white     2 

\  gray 2 


Cast  iron  melts 

Steel  melts  .... 

Annealing  malleable  iron 1 ,600  to  1 


450 
435 
500 
550 
750 
445 
660 
612 
775 
,775 
,885 
,900 
950 
,075 
,4.50 
,075 
,230 
,750 
,750 
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T)nrin<i;  tlie  ])ast  (|uarter  of  a  century  there  has  been  a  rapid. 
contiiHioiis,  and  truly  plienometial  develof)rneiit  in  the  ineans  and 
methods  for  handliufj^  coal  and  iron  ore  in  tlie  transit  from  mine  to 
furnace,  or,  in  otlier  words,  from  Mother  Earth  to  the  finished 
product.  To  so  high  a  state  of  perfection  have  the  utilities  em- 
ployed in  the  handling  of  these  bulk  commodities  been  brought, 
that  the  dawning  years  of  the  twentieth  century  find  practically 
the  entire  movement  from  mine  to  market  accomplished  solely  by 
mechanical  ineans. 

Surpassing  as  the  achievements  of  the  past  score  and  a  half 
of  years  have  been  in  labor-saving,  and  consequently  in  the  cost  of 
handling  iron  ore  and  coal,  they  have  not  been  more  wonderful 
than  the  economies  of  time  effected  by  the  more  rapid  handling  of 
the  world's  two  most  important  minerals.  It  is  indeed  a  great  step 
from  the  old  method  of  trundling  small  loads  of  the  bulk  material 
back  and  forth  in  wheelbarrows,  to  the  new  plan  of  transferring  a 
carload  of  coal  per  minute,  or  to  the  moving  of  ore  by  means  of 
grab  buckets  that  scoop  up  automatically  anywhere  from  two  to 
ten  tons  a,t  each  operation;  and  yet,  as  has  been  said,  less  than 
thirty  years  has  been  required  to  work  this  amazing  transformation 

The  conditions  governing  the  movement  of  iron  ore  and  coal 
in  the  Uii.ited  States  are  peculiar  in  that  several  rehandlings  are 
necessary.  The  major  portion  of  the  iron  ore  is  mined  in  the 
States  of  Minnesota,  Wisconsin,  and  Michigan;  transported  by  rail 
to  ports  on  Lakes  Michigan  and  Superior;  and  then  loaded  on 
vessels  which  in  some  instances  carry  it  to  blast  furnaces  located 
directly  on  the  shores  of  the  inland  seas,  but  which  more  frequently 
transport  it  to  harbors  on  the  south  shore  of  Lake  Erie,  where  there 
is  a  transfer  from  the  vessels  to  railroad  cars,  in  which  the  ore  is 
moved  to  the  blast  furnaces  of  that  great  iron-manufacturing  sec- 
tion known  as  the  ''  Pittsburg  District."  Here,  finally,  there  is 
still  another  rehandling  when  the  ore  which  has  been  placed  in 
stock  piles  is,  as  occasion  requires,  conveyed  to  the  furnaces.     The 
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COAL  AND  IRON  ORE 


;-u)thracite  coal  froMi  the  Pennsylvania  field,  and  the  bituminous 
fuel  from  the  mines  of  Ohio,  Pennsylvania,  and  neighboring  States, 
uliifh  are  shipped  to  points  in  the  West  and  Northwest,  traverse 
in  the  opposite  direction  practically  the  same  route  followed  by 
tiie  iron  ore,  and  are  subject  to  the  same  rehandlings. 

The  pioneer  inventor  who  successfully  solved  the  problem  of 
handling  coal  and  iron  ore  over  a  considerable  range  of  distances 
solely  or  largely  by  mechanical  means,  was  Mr.  Alexander  E. 
Brown,  the  well-known  American  engineer,  the  machines  of  whose 
invention  are  to  this  day  accepted  as  the  standard — and  are  indeed 
the  sole — means  of  performing  many  of  the  functions  in  this 
highly  specialized  field. 


BRIDGE  TRAMWAYS. 


At  the  outset,  all  the  operations  of  transferring  iron  ore  from 
ships  to  cars  or  stock  piles,  as  the  case  might  be,  and  of  both 
loading  and  unloading  coal-carrying  vessels  to  and  from  cars  or 
stock  piles,  were  confined  to  a  single  class  of  apparatus — hoisting 
and  conveying  machinery  of  what  is  known  as  the  '•  bridire  tram- 
way" type;  and  this  form  of  handling  appliance  is  yet  so  exten- 
sively used  in  moving  both  commodities  as  to  merit  first  attention 
aside  from  its  claim  by  reason  of  priority  of  invention, 

A  bridge  tramway  is,  in  effect,  a  miniature  elevated  railway 
along  which  loads  are  conveyed  by  the  trolley  system  now  so 
extensively  employed  in  the  industrial  field.  The  skeleton  bridge 
structure— supported  at  both  ends  by  piers— is  built  of  iron  and 
steel  designed  to  give  the  maximum  strength  with  the  minimum 
weight  of  material,  and  with  all  members  made  of  such  shapes, 
and  so  arranged  in  the  trusses,  as  to  offer  the  least  possible  surface 
to  wind-pressure — an  important  consideration  owing  to  the  exposed 
locations  in  which  these  structures  are  generallv  used. 

The  bridge  tramways  proper  usually  range  from  180  to  192 
feet  span;  but,  extending  from  the  front  pier,  is  a  34-foot  apron 
reaching  from  the  front  of  the  dock  out  over  the  vessel  tied  up  for 
unloading,  while  from  the  rear  j)ier  is  a  cantilever  extension  stretch- 
ing back  from  80  to  101  feet  additional.  Thus  an  area  more  than 
300  feet  wide  is  served  by  the  tramway.  The  piers  are  of  steel 
construction,  and  are  high  enough  to  support  the  bridge  on  ar 
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incline  with  the  front  end  about  27  feet  above  the  crround  and  the 
rear  end  52  feet  above  the  level.  The  piers  are  mountf.^d  on  wheels 
running  on  tracks,  so  that  the  whole  structure  may  be  "skewed" 
or  moved  sideways  back  and  forth  alona  a  dock  to  suit  the  hatches 
of  a  vessel.  Thus  a  vessel  may  be  unloaded  by  having  several 
bridge  tramways  operating  simultaneously  over  as  many  different 
hatchways,  or  openings  in  the  deck;  or  the  cargo  may  be  removed 
by  a  single  tramway  adjusted  so  as  to  operate  in  first  one  division 
of  the  hold  and  then  another,  by  means  of  the  sidewise  movement 
of  the  apparatus. 

Running  along  a  track  suspended  from  tlie  bridge  between 
the  girders,  is  a  trolley  with  susj)ended  bottom  block  and  hook  to 
which  is  attached  the  hoisting  or  pulling  lipe,  and  all  the  motions 
of  which  are  under  perfect  control  of  the  operator  by  means  of 
suitable  levers.  Up  and  down  this  trolley  line,  at  a  speed  of  hun- 
dreds of  feet  per  minute,  travels  an  iron  tub  or  bucket  in  which 
the  ore  or  coal  is  carried.  These  buckets  are  made  in  various 
sizes ;  but  what  might  be  termed  the  standard  size  has  a  capacity 
of  seventeen  cubic  feet  (or  a  gross  ton)  of- ore. 

The  plan  of  operation  is  practically  the  same  in  all  cases.  If 
coal  or  iron  ore  is  being  unloaded  from  a  vessel,  the  ojierator,  upon 
receiving  from  the  hold  of  the  vessel  a  signal  that  a  tub  is  filled, 
throws  the  proper  lever,  and  hoists  the  bucket  at  full  speed  through 
the  hatch  of  the  boat,  the  bottom  block  hooking  automatically  into 
the  trolley,  and  the  trolley  carrying  the  heavily  laden  bucket  to  a 
point  on  the  bridge  or, cantilever  where  its  progress  is  arrested  b\ 
dumping-irons  placed,  at  any  desired  location.  These  irons  auto- 
matically trip  the  latch  of  the  bucket,  allowing  it  to  upset,  dis- 
charo-e  its  load,  and  automaticallv  rio-ht  itself.  As  soon  as  this  is 
done,  the  operator  releases  the  lever,  and  the  bucket  returns  by 
gravity  to  its  starting  point  in  the  hold  of  the  vessel.  The  block 
unhooks  automatically  from  the  trolley,  allowing  the  bucket  to  be 
lowered  into  the  hold,  whereupon  the  empty  bucket  is  unhooked 
and  a  tilled  one  hooked  on.  If  preferred,  the  operator,  instead  of 
allowing  the  bucket  to  dump  automatically,  can  lower  it  to  any 
desired  point  for  discharge,  this  being  desirable  when  it  is  the 
purpose  to  transfer  the  coal  or  ore  directly  to  waiting  railroad  cart^. 
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One  of  the  buckets  such  us  have  been  descrihed,  will  make  a 
round  trip  from  the  hold  of  a  vessel  to  the  end  of  a  brid<re  tramway 
trolley  line,  and  return— a  distance  of  600  feet — in  one  minute- 
and  in  actual  work  a  rate  of  forty-five  seconds  per  round  trip  has 
hcen  averaged  for  hours  at  a  time.  If  the  filling,  handling,  and 
hooking-on  of  buckets  be  done  with  reasonable  dispatch,  a  single 
machine  will  readily  transfer  400  gross  tons  of  ore  per  day  of  ten 
hours.  The  cost  of  handling  coal  and  ore  by  this  means  varies 
from  seven-tenths  of  a  cent  to  two  cents  per  gross  ton. 

The  first  bridge  trannvay  plants  were  erected  on  the  iron -ore 
unloading  docks  at  Cleveland,  Ohio,  about  twenty-five  years  ago, 
and  the  new  machines  were  for  a  time  confined  in  their  sphere  of 
use!"ulness  to  the  empire  of  the  (ireat  Lakes.  Gradually,  however, 
they  secured  general  adoj)tion,  j)articularly  for  coal  handling;  and 
they  are  now  to  be  found,  not  only  on  the  Atlantic  and  Pacific 
coasts,  but  in  Germany,  Austria,  Eussia,  Sweden,  Egypt,  and 
other  foreign  countries.  Perhaps  the  best  exemplification  of  the 
possibilities  of  this  Yar.kee  invention  for  coal  handling,  is  afforded 
at  the  coaling  stations  of  the  United  States  Xavy  at  Key  West, 
Dry  Tortugas,  Mare  Island,  Cal.,  and  New  London,  Conn.,  where, 
by  means  of  bridge  tramways  such  as  have  been  described,  fuel  is 
transferred  directly  from  storage  buildings  (having  a  capacity  of 
10,000  tons  each)  to  the  holds  of  United  States  war  vessels. 

GRAB  BUCKETS. 

During  the  early  history  of  the  bridge  tramway  plants,  there 
was  universal  employment  of  tubs  or  buckets  which,  although  self- 
dumping,  had  to  be  filled  by  hand.  As  an  improvement  upon 
these,  there  have  been  introduced  various  types  of  self-filling  and 
automatic  dumping  buckets  which  will  handle  from  two-thirds  to 
four-fifths  of  a  cargo  or  consignment  of  the  hulk  material  without 
hand-shoveling.  The  most  primitive  forms  of  these  self-filling 
buckets  were  "shovel  "  buckets  of  five  tons'  capacity,  Avhich  scooped 
np  their  load  through  being  dragged  against  the  slope  of  the  coal 
or  ore  pile.  Then  came  the  "grab"  buckets,  descending  with 
open  jaws,  which,  closing,  took  from  the  ore  or  coal  pile  a  "  bite  " 
of  one  ton  or  more  and  held  the  material  securely  until  released  at 
:uiy  desired  point  of  discharge.     This  class  of  buckets  was  intro- 
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duced,  not  only  in  connection  with  tlie  familiar  bridge  tramways, 
but  also  in  conjunction  witb  wire-rope  cableways.  The  latter  have 
been  utilized  to  some  extent  for  coal  and  ore  handling,  in  locations 
where  the  necessary  span  was  greater  than  could  be  successfully  cov- 
ered by  a  suspension  structure  of  the  weight  of  a  bridge  tramway 


"CLAM-SHELL"  BUCKET  FOR  AUTOMATIC  UNLOADING. 
Showing  Operator  in  Mast. 

CLAM-SHELL  BUCKETS. 

The  most  recent  advances  in  ore-handling  machinery  have 
been  along  the  development  of  appliances  possessing  the  funda- 
mental principle  involved  in  the  grab  bucket  above  mentioned. 
The  supreme  triumph  in  this  field  is  found  in  the  recently  devised 
HUtomatic  ore  unloader,  which,  by  means  of  a  clam-shell  attach- 
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jiient — an  enlarged  edition  of  the  grab  bucket — will  take  ten  tons 
of  ore  from  a  ship's  hold  at  each  operation,  and  Ijy  means  of  which 
it  is  possible  to  remove  every  ounce  of  ore  from  a  cartro-hold,  thus 
dispensing  entirely  with  hand  shoveling,  and  eliminating  the  last 
utilization  of  manual  labor  in  the  handling  of  the  raw  material, 
from  the  time  it  is  mined  by  means  of  a  steam  shovel  until  it  is 
mechanically  dumped  into  the  blast  furnace. 

THE  HULETT  UNLOADER. 

The  Ilulett  automatic  ore  unloader,  as  the  most  perfect  of 
tiiese  new  appliances  is  known,  is  a  machine  which  weighs  fully 


HULETT  AUTOMATIC  ORE  UNLOADERS  TAKING  ORE  FROM  A  LAKE  VESSEL. 

400  tons  and  has  a  height  of  55  feet.  It  consists  primarily  of  a 
foundation  trestle,  which  is  mounted  upon  wheels  and  which  can 
be  moved  along  the  dock,  the  rails  carrying  the  forward  end  of  the 
trestle  being  directly  on  the  brink  of  the  dock,  as  iij  the  case  of 
the  bridge  tramways.  Moving  backward  and  forward  on  this 
foundation  span,  at  right  angles  to  the  dock,  is  a  heavy  walking 
beam,  attached  to  the  outer  end  of  which  is  the  depending  leg  or 
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mast  that  carries  the  ehun-shell  bucket  used  in  dipping  out  the 
ore.  The  parallel  inotion  keeps  the  leg  always  in  a  vertical  posi- 
tion; and  the  weight  of  the  end  of  the  walking  beam,  from  Mhich 
the  bucket  is  suspended,  is  counterbalanced  by  means  of  a  hydraulic 
accumulator  located  at  the  opposite  end. 

To  operate  this  ingenious  apparatus,  the  walking  beam  is  run 
forward  until  the  depending  leg  is  suspended  directly  pverthe  deck 
of  the  vessel.  Then  the  mast,  which  revolves  in  a  complete  circle 
and  in  which  the  operator  is  stationed,  is  lowered  through  a  hatch- 
way and  turned  in  any  direction,  its' radius  being'  fully  tiine  feet. 
When  open,  the  clam-shell  bucket  has  a  spread  of  19  feet.  '  After 
the  bucket  has  been  closed  by  hydraulic  power,  it  is  lifted  from 
the  boat  and  run  back  over  the  dock,  where  its  contents  can,  if 
desired,  be  discharged  directly  into  the  railroad  cars  which  are  to 
convey  the  ore  to  the  blast  furnaces.  Only  three  men  are  required 
to  operate  one  of  these  machines,  which  has  a  capacity  of  250  tons 
per  hour. 

The  world's  record  for  the  rapid  handling  of  an  ore  cargo  was 
made  a  short  time  ago  at  the  port  of  Conneaut,  Ohio,  when  four 
of  these  machines,  in  a  total  working  time  of  4  hours  48  minutes, 
removed  from  the  steamer  James  II.  Iloyt  a  cargo  of  5,300  tons 
of  ore.  All  the  cargo  was  taken  out  by  the  machines,  no  cleaning 
up  whatever  by  hand  labor  being  necessary. 

FURNACE  HOISTS. 

The  usefulness  of  new  marvels  for  handling  bulk  materials  is 
by  no  means  confined  to  the  transfer  of  coal  and  iron  ore  to  and 
from  ships,  railroad  cars,  and  stock  piles,  but  is  demonstrated  in 
scarcely  a  less  striking  manner  at  blast  furnaces  and  iron  and  steel 
making  plants  in  general.  Foremost  among  the  utilities  in  this 
field  is  the  furnace  hoist  and  stock-distributer,  which  has  done 
away  entirely  with  the  old-time  dangerous  and  unsatisfactory 
method  of  feeding  blast  furnaces,  and,  by  automatically  charging 
the  furnaces,  dispenses  entirely  with  the  employment  of  top-tillers. 

This  hoist  consists,  in  the  main,  of  an  inclined  steel-trussed 
bridge  starting  from  a  pit  and  reaching  to  the  top  of  the  shell  of 
the  furnace,  where  it  terminates  in  an  extension  over  the  top  of  the 
bell  and  hopper.     A  skip  car  with  a  capacity  of  from  2,000  to  6,000 
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pounds  is  arranged  to  run  on  this  track,  the  hoist  rope  passinor 
over  the  top  sheave  and  back  to  the  drum  of  the  hoistinor  eno-ino 
near  the  incline.  When  the  skip  car  loaded  with  iron  ore,  coke, 
or  limestone,  as  the  case  may  be,  arrives  at  tlie  top  of  the  farnace, 
the  car  is  automatically  tipped,  and  the  load  is  dumped  into  the 
great  receptacle,  from  which  the  belt  has  been  automatically  lifted 
for  the  purpose. 

At  all  blast  furnaces  the  transfer  of  iron  ore  from  stock  or 
storage  piles  to  furnace  as  the  raw  material  is  required  for 
consumption,  constitutes  a  handling  problem  of  some  complexity. 
In  this  work  there  are  employed  steam  shovels,  locomotive  derricks 
ecpiipped  with  grab  buckets,  and,  finally,  various  modifications  of 
the  bridge  tramway.  Some  of  the  bridges  thus  employed  have  a 
clear  span  of  about  250  feet  over  storage  yard  and  railroad  tracks, 
thue  enabling  the  ore  to  be  handled  directly  from  railroad  cars  to 
furi^acBs,  or  from  the  stock  piles  where  the  surplus  supply  is  held. 

CAR=DUMPIN(j  MACHINES. 

Yet  another  form  of  apparatus  which  is  being  emjJoyed  in 
handling  both  coal  and  iron  ore,  is  the  car-dumping  machine.  At 
the  furnaces  these  dumpers  are  utilized  in  some  instances  to  transfer 
the  contents  of  standard-sized  railroad  cars  to  smaller  cars  Mhich 
carry  the  material  to  the  furnaces;  but  the  true  province  of  this 
type  of  apparatus  is  in  transferring  coal  (for  M'ater  shipment)  from 
cars  to  colliers.     In  this  field  they  have  found  extensive  utilization. 

There  are  many  different  designs  of  car-dumping  machines; 
but  the  most  efiicient  styles  are  those  which  pick  up  and  completely 
overturn  the  loaded  car.- transferring  its  contents  to  the  hold  of  the 
vessel  to  be  loaded.  The  earliest  forms  of  car  dumpers,  while  en- 
tirely satisfactory  in  the  rapidity  with  which  they  handled  material, 
were  considered  deficient  in  that  they  entailed  a  serious  breakage 
of  the  coal.  This,  however,  was  finally  remedied  by  modifications 
whereby  the  coal  is  dumped  into  pans  connected  with  chutes  lead- 
ing to  the  vessel,  which  not  only  enable  the  fuel  to  be  handled 
with  far  less  breakage  than  formerly,  but  also  make  it  possible  to 
direct  the  infiux  to  any  portion  of  the  hold  desired. 

The  fundamental  feature  of  the  average  car-dumping  machine 
is  a  car-tipping  device  or  cradle  into  which  the  car  is  run  and  then 


307 


10 


APPLIANCES  FOR  HANDLING 


A  MODERN  CAR-DUMPIN\r  ;>i.i.i.  HIN  t.. 


clamped,  and  which  turns  over  with  the  car  and  discharges  its 
contents.  In  some  machines  the  receiving  pan  is  automatically 
tilted  at  an  angle  proportionate  to  that  of  the  car-tipping  device, 
so  that  the  coal  slides  gradually  instead  of  pouring  or  falling;  and 
in  certain  machines  the  coal  is  not  sent  into  the  vessel  hold  through 
a  chute,  but  is  transferred  from  the  car,  as  it  is  dumped,  to  transfer 
tubs  or  to  steel  buckets  arranged  on  the  endless-chain  plan,  which 
convey  it  to  the  cargo  space  by  easy  stages  and  with  practically  no 
breakage.  Some  of  these  car-dumping  machines  will  handle 
upward  of  200  loaded  cars  in  an  ordinary  working  day,  not  only 
actually  transferring  the  coal,  but  handling  the  loaded  and  empty 
cars  to  and  from  the  machine,  and  obviating  all  necessity  for  the 
employment  of  a  shifting  engine  and  train-crew. 

COAL=LOADING  MACHINES. 

An  ingenious  type  of  coal-loading  machine  is  found  at  Fair- 
port  on  the  south  shore  of  Lake  Erie,  and  at  several  other  points 
in  the  United  Statss.     By  its  operation  the  coal  to  be  loaded  on  a 
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boat  is  dumped  from  the  hopper-bottoMied  railroad  cars  into  a 
large  receiving  hopper  underneath  the  car.  From  this  hopper  the 
fuel  is  delivered  to  a  carrier  of  the  continuous  type,  which  hoists 
It  up  to  an  incline  spout  down  wliich  it  passes  into  a  telescope 
spout  and  thus  directly  into  the  boat.  This  telescope  spout  is 
drawn  out  to  its  full  length  at  the  commencement  of  operations, 
and  is  then  gradually  taken  up  or  shortened  as  the  boat  is  filled. 
By  this  means  the  spout  is  kept  constantly  full  of  coal,  and  the 
breakage  of  the  fuel  is  reduced  to  a  minimum.  It  requires  but 
two  men  to  operate  such  a  machine,  which  is  driven  by  a  50-horse- 
power  engine.  The  cost  of  an  installation  of  this  kind  is  much 
less  than  in  the  case  of  some  of  the  other  types  of  coal-handling 
machinery,  and  yet  such  a  machine  is  capable  of  loading  from  600 
to  UOO  tons  of  coal  pe»'  hour.. 
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MECHANISM 


The  study  of  mechanism  is  the  study  of  the  laws  that  govern 
the  motions  and  forces  in  machinery.  Pure  mechanism  deals 
only  with  the  amount  and  kind  of  motions,  without  reo-ard  to  the 
forces  transmitted,  and  in  this  instruction  paper  only  this  branch 
of  the  subject  will  be  considered.  That  is,  we  shall  study  how  to 
proportion  the  parts  to  get  the  proper  motions.  Knowing  this,  the 
principles  of  machine  design  and  strength  of  materials  will  teach 
us  how  large  the  parts  must  be  to  stand  the  stresses  which  come 
upon  them. 

A  Mechanism  is  a  group  of  parts  so  shaped  and  arranged  that 
a  definite  motion  of  one  part  will  give  other  definite  motions  to 
the  other  parts. 

A  riachine  is  a  combination  of  mechanisms  each  of  which  may 
be  doing  a  different  kind  of  work,  but  the  whole  combination  of 
mechanisms  working  together  accomplishes  some  desired  result. 
Take  for  example,  a  metal  planer;  the  result  which  is  to  be  ac- 
complished is  the  planing  of  a  piece  of  metal,  but  in  order  to  do 
this,  several  auxiliary  results  must  be  accomplished.  The  table  or 
platen,  to  which  the  metal  is  fastened  must  be  moved  back  and 
forth,  the  tool  must  be  fed  forward  after  each  chip  has  been  cut, 
and  various  other  motions  produced.  There  are  certain  pieces  in 
the  planer  whose  sole  work  is  the  moving  of  the  platen,  and  all 
these  pieces  taken  together  form  one  mechanism;  in  like  manner, 
there  are  certain  parts  whose  sole  work  is  feeding  the  tool  forward 
each  time,  and  all  these  parts  taken  together  form  another  mechan- 
ism.       All    the   mechanisms    when    brought    together   form    the 

machine. 

MOTION. 

An  object  which  is  changing  its  position  is  said  to  be  in 
motion  and  an  object  which  is  not  changing  its  position  is  at  rest. 

Absolute  and  Relative  notion.  If  a  man  is  moving  along  in 
a  sail  boat  without  changing  his  position  in  the  boat,  both  man 
and  boat  have  what  is  usually  spoken  of  as  absolute  motion,  that 
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is,  they  are  both  cliaugiiit:;  tlieir  position  with  respect  to  the  earth 
and  water  around  them.  They  both  change  their  position  in  the 
same  direction  and  at  the  same  rate  however,  so  that  they  are  at 
rest  with  respect  to  each  other.  If  now,  the  man  should  start  to 
walk  forward  in  the  boat,  he  would  change  his  position  with  re- 
spect to  surrounding  objects  faster  than  the  boat  and  he  would  have 
motion  relative  to  the  boat.  We  thus  have  two  kinds  of  motion, 
absolute  and  relative;  absolute  motion  being  the  motion  of  a  body 
with  respect  to  some  fixed  object,  and  relative  motion  being  the 
motion  of  one  moving  body  with  respect  to  another  moving  body. 


Fig.  1.        -  Fig.  2. 

Since  every  object  has  more  or  less  size  and  therefore  can  not 
be  represented  on  paper  as  readily  as  can  some  particular  point  or 
line  in  the  body,  as  far  as  possible  in  our  study  of  the  motions  of 
bodies  we  shall  consider  Doints  and  lines,  in  place  of  the  bodies 
themselves. 

Velocity  is  the  rate  of  motion.  If  a  bullet  travels  through  the 
air  at  the  rate  of  one  hundred  feet  in  a  second,  it  has  a  velocity  of 
one  hundred  feet  per  second. 

Direction  of  notion.  A  point  may  Lave  motion  in  a  straight 
line,  in  a  circle,  or  in  any  other  curve.  The  tendency  of  any  body 
which  is  in  motion  is  to  continue  to  move  in  a  straicrht  line  unless 
caused  to  leave  that  path  by  some  force  applied  to  the  body 
The  direction  of  the  straight  line  in  which  a  point  is  moving  is 
called  the  direction  of  motion  of  the  point.  If  an  object  is  travel- 
ing in  a  circle,  the  direction  of  its  motion  at  any  given  instant  is 
the  straight  line  tangent  to  the  circle  at  the  point  where  the  object 
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is  at  the  given  instant.  For  exampU^,  IF  tlici  jjoint  A,  Vi<r.  ],  is 
moving  around  the  circle,  the  direction  of  its  motion,  when  in  the 
position  shown,  is  tlie  line  AB.  In  the  same  way  in  Yi(jr.  2,  if 
the  point  A  is  moving  in  the  curved  path,  its  direction  when  in  the 
position  indicated  is  the  line  AB. 

By  choosing  a  convenient  scale,  as  one  inch  equals  one  foot, 
or  one  inch  equals  ten  feet,  etc.,  depending  upon  how  large  the 
velocities  are  with  which  we  have  to  deal,  the  line  may  be  drawn 
of  a  length  that  will  represent  the  velocity  of  the  point  A.  Sup- 
pose the  circle,  Fig.  1,  to  have  a  circumference  of  ten  inches,  and 
suppose  the  point  A  to  be  traveling  around  the  circle  at  such  a 
speed  that  it  goes  around  once  in  live  seconds;  then,  since  it  travels 
ten  inches  in  five  seconds,  it  has  a  velocity  of  two  inches  per  second. 
Accordingly,  if  we  draw  the  line  AB 
two  inches  long,  tangent  to  the  cir- 
cle at  any  given  position  of  A,  the 
line  AB  represents  the  direction  and 
velocity  of  A  at  the  instant  under 
consideration.  Of  course,  the  direc- 
tion of  motion  of  a  point  which  is 
moving  in  any  path  other  than  a 
straight  line  is  constantly  changing,      ^  B  C 

but  the   direction    in    which  it  is  ^"' 

moving  at  a  given  instant  is  the  direction  which  it  would  take  if 
the  forces  which  constrain  it  to  move  in  the  curved  path  were 
removed  at  that  instant. 

Composite  Motions.  In  Fig.  3,  let  A  represent  a  body  lying  on 
a  table;  suppose  AC  and  AD  are  strings  making  a  right  angle  with 
each  other.  First,  let  the  string  AC  be  pulled  with  such  force  that 
it  will  cause  A  to  move  one  inch  in  the  direction  AC,  in  one  second ; 
then  A  will  be  at  B  at  the  end  of  a  second,  the  line  AB  repre- 
senting the  direction  and  velocity  of  A  when  the  string  AC  is 
pulled.  Next,  suppose  the  body  to  be  back  in  its  original  position 
A,  and  that  the  string  AD  is  pulled  with  such  force  that  it  will 
cause  A  to  move  £  of  an  inch  in  the  direction  AD  in  one  second; 
then  at  the  end  of  a  second  A  will  be  at  E,  the  line  AE  repre- 
senting the  direction  and  velocity  of  the  body  when  the  string 
AD  is  pulled. 
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Again,  suppose  both  strings  to  be  pulled  at'  the  same  time, 
with  the  same  force  as  before.  Then  the  pull  on  AC  will  still 
cause  A  to  move  toward  C  with  a  velocity  AB,  and  the  pull 
on  AD  will  cause  A  to  move  toward:  T>  with  a  velocity  AE, 
so  that  at  the  end  of  a  second  the.  body,  will  be  at  neither  Ejior  B, 
but  at  some  point  II,- whose  position,  is  at  a  distance  BH  from  B, 
the  line  BH  being  equal  and  parallel  to  AE.  The  point  II  is  also 
at  a  distance  EH  from  E,  the  line  EH  being  e(pial  and  parallel 
to  AB.  In  other  words,  the  jjath  over  which  the  body  has 
moved  is  the  line  AH,  which  is  the  diagonal  of  a  parallelogram 
whose  sides  are  equal  to  AB  and  A  E ,  respectively.  The  lines 
AB  and  AE,  which  represent  the  velocities  caused  by  the  pulls 
on  the  respective  strings,  must  be  drawn  to  the  same  scale,  that  is, 
if  the  pull  on  AC  causes  a  velocity  of  one  inch  per  second  and 


Fiff.  4. 


Fig.  5. 


the  pull  on  AT)  causes  a  velocity  of  |  inch  per  second,  AE  must 
be  £  as  long  as  AB. 

The  velocities  AB  and  AE  are  called  comjponent  velocities^ 
and  the  velocity  AH  the  re.sidtant. 

Let  us  take  another  example.  Suppose  a  ball  is  thrown 
toward  the  east  with  a  velocity  of  ten  feet  per  second,  and  the  wind 
carries  the  ball  toward  the  south  with  a  velocity  of  five  feet  per 
second.  Let  us  find  graphically  how  fast  and  in  what  direction  the 
ball  is  actually  moving.  Using  any  convenient  scale,  draw  the 
line  AB,  Eig.  4,  to  represent  ten  feet,  and  the  line  AC  to  repre- 
sent five  feet  at  the  same  scale,  AC  being  at  right  angles  to  AB, 
since  south  is  at  right  angles  to  east.  From  C  draw  CD  parallel 
to  AB,  and  from  B  draw  BD  parallel  to  AC.  meeting  CD  at  D; 
then  AD,  the  diagonal  of    the  rectangle  thus  formed,  gives  the 
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direction  and  tl.e  velocity,  at  the  same  scale  as  before,  of  tlie  actual 
motion  of  tlie  ball. 

The  juvtvding  process  is  called   <ompodtion  of    vehxiities; 
that  is,  if  we  know  the  velocity  of  a  bodv  in  two  directions  at 
right  angles  to  each  other,  we  can  find  from"  these  the  real  velocity 
and  direction  of  the  motion.     Quite  as  frequently  we  have  given 
the  real  direction  and  velocity  and  wish  to  find  the  velocity  parallel 
and  at  right  angles  to  some  given  line.     Thus,  suppose  we  know 
that  a  ball  is  moving  at  a  speed  of  one  hundred  feet  per   minute 
toward  the  southeast  and  we  wish  to  know  how  fast  it  is  movincr 
towards  the   east.      Draw  the    line  AD,  Fig.  5,  to  represent  one 
hundred  feet,  at  a  convenient  scale;  then  draAv  the  line  AB,  mak- 
ing with  AD  the  same  angle  that  a  line  running  southeast  makes 
with  a  line  running  east  (that  is,  45  degrees).     From  D  draw  DB 
perpendicular  to    AB,  meeting    AB  at    B;  the    length    of    AB 
represents,  at  the  same  scale  at  which  AD  was  drawn. ''the  velocity 
of  the  ball  in  an  easterly  direction,  and  BD  represents  its  velocity 
in  a  southern  direction.     This  is  called  the  resohition  of  veloci- 
ties, the  velocity  AD  being  resolved  into  two  components,  one  in 
the  direction  AB,  and  one  perpendicular  to  this  direction. 

^BXAHPLES   FOR   PRACTICE. 

i.  If  a  steamer  travels  91,200  feet  per  hour,  what  is  the 
velocity  in  feet  per  second? 

Ans.     25.33  feet. 

2.  If  the  ])iston  of  an  engine  moves  at  the  rate  of  12.5  feet 
per  second,  what  is  the  piston  speed  in  feet  j)er  minute? 

Ans.     750  feet. 

3.  A  steamer  is  moving  eastward  at  a  speed  of  800  feet  per 
minute  and  the  wind  and  tide  carry  it  north  at  the  rate  of  10(1  feet 
per  minute.  Find  graphically  how  fast  and  in  what  direction  the 
Bteamer  is  actually  movino-. 

Ans.     810  feet  per  minute. 

4.  A  ball  is  thrown,  with  a  velocity  of  50  feet  per  second, 
across  a  stream  100  feet  wide.  The  wind  carries  the  ball  up  stream 
10  feet  per  second.  How  far  up  stream  from  the  point  at  which 
the  ball  was  aimed  will  it  strike  ?  Ans.     20  feet. 

*X0TE.    rro'olems  3,  i,  5  and  6  are  to  be  solved  graphically. 
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5.  A  platform  is  set  up  at  an  angle  of  30  degrees  \vitli  the 
horizontal,  and  a  weight  is  allowed  to  slide  down  the  platform  at  a 
speed  of  ten  feet  per  second.  How  long  will  it  take  the  weight  to 
get  10  feet  below  the  point  from  which  it  started  ? 

Ans.     2  seconds. 

6.  The  horizontal  component  of  the  velocity  of  a  body  is  26 
feet  per  minute.  If  the  actual  velocity  is  52  feet  per  minute  find 
graphically  the  vertical  component. 

Ans.     45  feet  per  minute  (about). 

7.  A  man  is  on  a  railway  train  which  is  moving  at  the  rate 
of  25  miles  per  hour  and  walks  toward  the  rear  of  the  train  at  the 
rate  of  88  feet  per  minute.    How  fast  is  the  man  actually  moving  ? 

Ans.     24  miles  per  hour. 

Temporary  Center  of  Revolution.  In  Fig.  0,  let  AB  repre- 
sent  a   bar   that   forms   some  part  of  a  mechanism,  and  suppose 

Q  that  for  the  moment  the 

end  B  has  a  velocity  in 
the  direction  of  and 
e(|ual  to  BD,  and  that 
the  end  A  has  a  veloc- 
ity in  the  direction  of 
and  equal  to  AC.  As  the 
whole  rod,  for  the  instant, 
is  moving  as  if  it  wert 
revolving  about  a  cen- 
ter, the  actual  veloci- 
ties of  the  various  points 
distances  from    the   cen- 


E       A 


B 


\T, 


Fig.  6. 


in  the  rod  are  jiruportional  to  their 
ter.  To  find  the  center  for  the  case  shown,  draw  the  lines 
AT  and  BT  ])er])endicular  to  AC  and  ]iD,  respectively,  until  they 
meet  at  T,  which  is  the  center  about  which  the  whole  rod  may  be 
considered  to  be  revolving.  The  velocities  AC  and  BD  cannot  be 
chosen  at  random,  but  must  be  such  that  BF  is  equal  to  AE; 
fhat  is,  their  componen-ts  in  the  direction  of  AB  must  be  equal. 


RFVOLVINQ  BODIES. 

One  of  the  most  common  motions  which  is  found  in  machinery 
of  ail  kinds  is  the  motion  of  revolution,  that  is,  the  motion  of  a 
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body  turning  around  a  center  or  axis.  The  axis  may  pass  through 
the  body  itself  or  it  may  lie  entirely  outside  the  body,  Fiff.  7  is 
an  example  of  the  first  case,  where  the  t-vlindcr  is  revolvino-  about 
the  shaft  A,  which  ])asses  throu<jfh  the  ct'iit(M-  of  the  cylinder.  Ficr. 
8  is  an  example  of  the  second  case  where  the  block  B  is  revolving 
aln»ut  the  shaft  A. 

The  speed  of  revolution  of  a  body  is  generally  described  by 
giving  its  number  of  revolutions  per  minute,  which  is  abbreviated 
to  H.  P.  M. 

We  will  use  the  following  abbreviations  throutrhout  this  in- 
struction  paper:  .'7:=diameter;  r=radius  or  distance  of  a  point 
from  the  center  about  which  it  is  revolving,  and  tt  (pronounced 
Pi)  =  3.U10. 

Let  us  consider  a  point  C  on  the  circumference  of  the  cylin- 
der in  Fig.  7.     For  every  complete  revolution  of  the  cylinder  the 


Fig  8. 

point  (J  travels  through  the  air  a  distance  equal  to  the  circumfer- 
ence of  the  cylinder,  or,  since  the  circumference  of  a  cylinder  is 
3.1416  times  its  diameter,  the  point  C  will  travel  B.lilG  times 
the  diameter  of  the  cylinder.  Therefore  the  actual  velocity  through 
the  air  or  linear  velocity  as  it  is  termed,  of  a  point  on  the  circum- 
ference of  a  revolving  cylinder  is  equal  to  the  diameter  of  cylinder 
times  3.1416  times  the  number  of  revolutions  in  a  unit  of  time. 
If  we  assume  a  foot  as  our  unit  of  distance  and  a  minute  as  our 
unit  of  time,  the  above  principle  may  be  stated  as  a  formula: 
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Linear  Velocity  =  tt  '/  times  R.  P.  M.  (l) 

or     "  "  =  2  TT  /'  times  B.  P.  M.  (2) 

This  will  give  the  linear  velocity  in  feet  per  minute  and  to 
use  this  formula  the  diameter  or  radius  must  be  expressed  in  feet 
or  fractions  of  a  foot.  If  d  or  r  is  in  inches,  the  linear  velocity  will 
be  in  inches.  If  linear  velocity  per  second  is  desired,  the  number 
of  revolutions  per  second  must  be  used  instead  of  li.  P.  31.  From 
this  formula  we  see  that  the  linear  velocity  varies  directly  as  the 
diameter  or  radius,  and  also  directly  as  the  number  of  revolutions. 

The  following  examples  will  illustrate  the  use  of  the  above 
formula: 

If  a  fly  wheel  is  10  feet  in  diameter  and  makes  75  revolu- 
tions per  minute,  how  fast  is  a  point  on  its  circumference  moving  ? 
Using  formula  (1), 

Linear  Velocity  =  tt  <^?  X  P.  P.  M. 

=  3.1410  X  10  X  75. 
=  2350,2  feet  per  minute. 

Therefore  a  point  on  the  circumference  of  the  fly  wheel  is 
moving  at  the  rate  of  2350.2  feet  per  minute. 

Suppose  that  the  center  of  the  block  B,  Fig.  8,  is  at  a  distance 
of  18  inches  from  tlie  center  of  the  shaft  A  and  that  the  arm  turns 
around  tlic  sliaft  00  times  per  minute.  I'o  find  the  linear  velocity 
of  the  center  of  block  B,  we  must  iirst  reduce  the  18  inches  to  feet. 
Then, 

Linear  Veh)city  =  2  X  3.1410  X  1.5  X  00. 
=  505.49  feet  per  minute. 

The  same  formula  may  be  used  to  find  the  diameter  or  radius 
when  the  linear  velocity  and  revohitions  are  given,  or  to  find  tbe 
revolutions  when  the  linear  velocity  and  diameter  or  radius  are 
given.  To  do  this,  substitute  the  known  quantities  in  the  equa- 
tion and  solve  by  Algebra  to  find  the  unknown  quantity.  Let 
V  =  Linear  Velocity. 
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Linear  Velocity  :  Y  =- tt  d  X  Tl.  V.^\. 

V 


Diameter :  '*  = 


n  X  R.  P.  M. 


Revolutions :  PPM  ^^ 


TTCl. 

EXAMPLES  FOR  PRACTICE. 

1.  Find  the  linear  velocity  of  a  point  on  the  rim  of  a  fly 
wheel  making  120  revolutions  per  minute.  Assume  fly  wheel  to 
be  7  feet  in  diameter.  Ans.  2638.9  feet. 

2.  How  many  turns  will  a  6-foot  wheel  make  while  going  one 
mile  ? 

Ans.  280. 

3.  A  locomotive  is  running  at  the  rate  of  40  miles  per  hour. 
How  many  revolutions  are  the  6|-foot  drivers  making  per  minute  ? 

Ans.  172. 

4.  The  drivers  of  a  locomotive  are  54  feet  in  diameter.  The 
crank  pin  is  twelve  inches  from  the  center  of  the  wheel.  Find 
the  linear  velocity  in  feet  per  second  of  the  crank  pin  if  the  engine 
makes  25  miles  per  hour.  Ans.  13.32. 

CYLINDERS  AND  CONES  REVOLVING  IN  CONTACT. 

"When  two  cylinders  are  arranged  to  revolve  u])on  parallel  axes 
which  are  at  a  distance  apart  just  equal  to  the  sum  of  the  radii  of  the 
two  cylinders,  their  circumferences  will  touch  alonor  one  line,  and 
if  both  cylinders  revolve  and  we  assume  that  there  is  no  slipping 
of  one  surface  on  the  other,  the  surface  velocities  of  their  circum- 
ferences must  be  etjual,  that  is,  the  linear  velocity  of  any  po.int  on 
the  surface  of  one  would  be  the  same  as  the  linear  velocity  of  any 
point  on  the  surface  of  the  other.  Then,  if  in  Fig.  9,  we  let  S 
equal  the  surface  velocity  of  the  cylinders,  C  the  radius  of  cylin- 
der A,  D  the  radius  of  B,  M  the  revolutions  per  minute  of  A,  and 
N  the  revolutions  per  minute  of  B,  we  can  obtain  the  following 
equations  by  substituting  these  values  in  formula  (2):— 

S  =  2  77  C  X  M. 

S  =  2  TT  D  X  N. 
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and  dividincr  the  first  by  the  second  we  have; 


S        2  7rC  X  M       ,       CM 

- —  — or  J.  —  . 

S        27rD  X  N  DX 


therefore  D  N  =  C  M  or  D  X  N  =  C  X  M. 

According  to  ratio  and  proportion  in  Algebra, 


M^ 

5r 


15 


(3) 


N|  REVOLUTIONS  PER 
MINUTE 


M     REVOLUTIONS    PER   MINUTE 

Firr.    9. 


This  may  be  stated  as  follows: — 

Kevolutions  of  Driver 
Revolutions  of  Driven 


Radius  of  Driven 
Radius  of  Driver 


That  is,  the  numbers  of  revolutions  are  to  each  other  inversely  as 
the  radii,  and  therefore  as  the  diameters. 

Two  cylinders  revolving  in  contact,  without  slipping,  revolve 
in  opposite  directions;  that  is,  if  A  re't^olves  right-handed  (like  the 
hands  of  a  clock ),  B  will  revolve  left-handed.  This  is  indicated  by 
the  arrows  in  Fig.  9. 

The  following  examples  will  illustrate  the  method  .^f  calcula- 
tion for  speeds  of  cylinders,  according  to  the  preceeding  discus- 
sion. Suppose  a  wheel  A,  2  feet  in  diameter,  is  revolving  with  its 
surface  in  contact  with  the  surface  of  another  wheel  B.     A  makes 
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25  R.  P.  M.  Assuming  that  no  slipping  occurs  betwet-n  int^  .sur- 
faces of  the  two  wheels,  what  must  be  the  diameter  of  B  in  order 
that  it  shall  make  To  R.  P.  M.  i     From  the  formula  (3)  we  have 

Diameter  of  B        R.  P.  M.  of  A 


or 


Diameter  of  A       R 
Diametei  of  B     25 


P.  M.  of  B 


2  feet  75 

Diameter  of  B  X  T5  =  2  X  25 

therefore  Diameter  of  B  =  g  feet  =  8  inches. 

The  same  principles  apply  to  cones  which  are  revolving  in 
contact.  Let  Fig.  10  represent  the  side  view  of  two  right  cones 
which  are  in  contact  along  the  line  EF,  which  is  an  element  com- 
men  to  both.     Then 


R.  P.  M.  of  A       F  G 


R.  P.  M.  of  B       F  H 


(4 


That  is,  their  revolutions 
are  to  each  other  inversely  as 
the  diameters  of  their  bases.  If 
the  angles  OEF  and  O'EF  are 
known,  instead  of  the  diameters 
of  the  bases,  the  ratio  of  the 
number  of  revolutions  may  be 
found  from  the  following  trigonometric  formula: 

R.  P.  M.  of  A  _  Sine  of  angle  OEF 
R.  P.  M.  of  B  ~  Sine  of  angle  O'EF 


^5^ 


If  the  angle  between  the  axes  OE  and  O'E  is  given  and  it  is 
desired  to  find  the  relative  sizes  of  the  two  cones  whose  revolutions 
shall  have  a  given  ratio,  the  angles  OEF  and  O'EF  could  be  calcu- 
lated, but  the  calculation  would  be  rather  difiicult  and  therefore  a 
solution  which  is  partly  graphical  is  more  convenient  and  usually 
sufficiently  accurate. 

Let  EO'  and  EO  Fig.  11,  be  the  center  lines  of  two  shafts 
which  lie  in  the  same  ])lane  and  make  an  angle  ot  15  degrees 
with  each  other.     The  shafts  are  to  be  connected  by  two  rolling 
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cones  so  that  the  shaft  O'E  shall  make  30  revolutions  while  the 
shaft  OE  makes  40.  The  base  of  the  larger  cone  is  12  inches,  to 
find  the  base  of  the  smaller  cone  and  the  altitude  of  both.  Since, 
from  the  preceding  discussion,  the  speeds  are  invcrst'ly  hs  the 
diameters  of  the  cones,  the  larger  cone  must  be  on  the  shaft  which 
is  making  the  fewer  number  of  revolutions,  that  is,  O'E. 
Then  from  formula  (4). 


Speed  of  O'E 
Speed  of  O  E 


Diameter  of  base  of  cone  on  O  E 
Diameter  of  base  of  cone  on  O'E 

Diameter  of  base  of  cone  on  OE 
12 


Solving  the  equation  we  get 

J)ianK'ter  of  Inise  of  cone  OE  ^^^  0  inches. 

Now  draw  the  line  PX  parallel  tc  O'E  and  at  a  distance  from 
O'E  equal  to  the  radius  of  the 
base  of  the  cone  O'E  (in  this  case 
6  inches),  at  a  convenient  scale, 
and  draw  the  line  ML  parallel  to 
OE  and  at  a  distance  equal 
to  the  radius  of  the  base  of  the 
cone  on  OE  (in  this  case  4i 
inches).  These  lines  intersect  at 
the  point  C.  A  line  from  C  to  E 
is  the  element  along  which  the 
cones  touch  each  other.  From  0 
draw  lines  perpendicular  to  OE 
and  O'E,  meeting  them  at  S  and 
K  respectively.  Then  SE  and  RE 
are  the  altitudes.  To  draw  the  cones,  lay  off  ST  equal  to  OS,  and 
RV  equal  to  CR.  Join  E  with  T  and  V  and  the  cones  are 
complete. 

CYLINDERS  AND  CONES  CONNECTED  BY  BELTS. 

Frequently  two  shafts  must  be  connected  so  that  one  may 
drive  the  other,  and  yet  they  are  so  far  apart  that  cylinders  cannot 


L       P 

Fig.  11. 
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be  placed  on  them  which  will  touch  each  other.     In  this  case  it  is 
customary  to  place  on  each  shaft  a  cylinder,  or  pulley,  and  over 


Fig  12. 


these  pulleys  stretch  a  band,  or  belt  made  of  some  flexible  nuite- 
rial.  The  pulleys  are  fastened  to  the  shafts  so  that  the  pulley  and 
its  shaft  turn  totjether,  and  the  belt  is  stretched  over  the  pulleys 
tii''ht  enouiih  so  that  the  friction   between  the  belt  and  the  surface 


of  the  pulley  is  suflicient  to  make  them  travel  with  the  same 
linear  velocity.  A  detailed  study  of  the  exact  manner  of  findino; 
the  proper  locations  of  the  pulleys  and  drawing  the  pulleys  and 
belts  can  be  found  in  Mechanical  Drawing  Part  V,  so  that  we  will 
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now  study  only  the  general  principles  involved,  ])articularly  with 
reference  to  making  the  necessary  calculations. 

The  principles  which  we  learned  above,  concerning  the  rela- 
tive speeds  of  two  cylinders  in  contact,  apply  also  to  two  pulleys 
connected  by  a  belt.  The  rule  governing  the  direction  of  rotation, 
however,  is  different.  When  the  connection  is  made  by  means  of 
a  belt,  the  relation  of  the  directions  of  rotation  depends  upon  the 
way  the  belt  is  put  around  the  pulleys.  If  the  belt  is  put  on  as 
shown  in  Fig.  12,  known  as  open  belt,  the  jjulleys  will  turn  in  the 


<     i 


-EE- 


Fii^.  14. 


Fig.  15. 


same  direction.      If  the  belt  is  as  shown   in  Vig-.  18,  known  as  a 
crossed  belt,  the  j)ullevs  will  turn  in  opposite  directions. 

Crowning  Pulleys.  The  outer  surface  of  pulleys,  instead  of 
being  nuide  cylindrical  is  often  made  of  larger  diameter  in  the 
middle,  as  shown  in  Fig.  11.  A  pulley  having  this  increase  of 
diameter  in  the  middle  is  said  to  have  a  crowned  face.  The  object 
of  the  croMMiing  is  to  lit'Ip  tlie  belt  to  remain  on  tlie  pulley.  A 
belt  will  always  run  to  the  part  of  the  ]>ulley  which  is  largest  in 
diameter;  therefore,  if  the  diameter  increases  towards  the  middle, 
the  belt  \7ill  tend  to  run  to  the  middle,  and  will  be  less  likely  to 
slip  off.     If  the  belt  is  to  be  at  different  places  on  the  pulley  at 
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different  times,  as  indicated  by  the  full  and  dotted  positions  in 
Fig.  15,  the  surface  cannot  be  crowned,  but  must  be  cylindrical. 

As  problems  similar  to  the  followintr  often  arise,  this  one 
should  be  studied  carefully  until  every  step  is  understood,  lu 
Fiir.  1(),  A  is  a  shaft  turninn;  ()0  It.  P.  M.  in  the  direction  iiidi- 
cated  by  the  arrow.  I>  and  C  are  cylinders  over  which  a  strand  of 
cloth  is  to  pass  as  indicated,  the  cloth  ])assintr  over  the  top  of  B 
and  under  the  bottom  of  C  In  order  that  B  and  C  may  revolve 
in  proper  direction  a  crossed  belt  must  be  used  between  A  and  C, 


Fig.  16. 

as  shown.  B  is  2-4  inches  in  diameter,  C  is  IS  inches  in  diameter, 
and  the  cloth  is  to  travel  at  the  rate  of  120  feet  per  minute.  E  is 
a  pulley  15  inches  in  diameter,  which  drives  the  pulley  D,  on  the 
same  shaft  as  B.  F  is  a  pulley  18  inches  in  diameter,  driving 
pulley,  G,  on  the  same  shaft  as  C.  The  problem  is  to  tind  the 
number  of  revolutions  of  B  and  C,  and  the  diameters  of  D  and  G. 
The  circumference  of  B  =  21  inches  X  tt  =^  2  feet  X  tt  = 
B.2832  feet.  Therefore,  its  surface  velocity  if  it  made  one  R.  P.  M. 
would  be  6.2832  feet  per  minute.    But  since  it  is  to  have  a  surface 
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velocity  ==  120  feet  per  minute  (equal  to  that  of  the  cloth)  its 
speed  must  be  120  divided  by  6.2882  =  19.1  II.  P.  M.  Eevolu- 
tions  of  C  are  found  in  the  same  way. 

18  inches  =  1.5  feet.  1.5  feet  X  3.1416=4.7124  feet  -- 
surface  speed. 

120  divided  by  4.7124  =  25.4  R.  P.  M. 

Kow  from  formula  (3): 

Hevs.  of  D        Diameter  of  E 


Eevs.  of  E 
and  since  the  revolutions  of  D 


Diameter  of  D 

the  revolutions  of  B 


19.1     15 


60    ~'x 

19.1.'K  =  15 

X  60 

(»  =  47 

.12  -i- 

therefore,  pulley 
in  diameter. 

D  is  47^-  inches 

Eevs.  of  G 

Diameter  of  F 

Kevs.  of  F  "" 

Diameter  of  G 

25.4 
60    ~ 

18 

i^'is.  IT. 


25.4  i»  =  18  X  60 

X  =  42.5  (approx.) 
therefore,  pulley  G  is  42.5  inches 
in  diameter. 


Taper  Cones.  Suppose  two  etpial  frustums  of  cones  are 
arrantred  on  parallel  shafts,  as  shown  in  Fig.  17.  Shaft  A,  turn- 
ing at  a  constant  speed,  can  be  made  to  drive  shaft  B  at  different 
speeds  by  changing  the  location  of  the  belt  on  the  cones.  In 
order  to  use  cones  with  a  straight  taper,  a  crossed  belt  should  be 
used.  If  an  open  belt  is  used,  the  cones  should  be  shaped  as 
shown  in  Fig.  18.  It  is  necessary  to  give  this  curvature  to  the 
face  in  order  to  keep  the  same  tension  on  the  belt  for  different 
positions.  "With  a  crossed  belt  this  condition  is  fultiiled  by 
making  the  face  a  straight  line.  If  the  shafts  are  far  apart,  the 
straight  cones  are  sometimes  used  for  an  open  belt. 
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Since    the  calculations   lor  iindiiio;   the   pi-oper  shape  of  tlio 

cones  for  an  o])eii  belt  are  ditHciilt  and  are  not  often  needed,  we 

will  frive  our  attention   oidy  to  the  straight  cones  for  a  cnjssed 

belt. 

In  Fig.  17  let  shaft  A  be  the  driver,  turning  at  a  constant 

speed  of  100  R.  P.  M.     The  small  end  of  the  cone  on  A  is  V: 

inches  in  diameter.    We  wish  to  find 

the  diameter  of  the  large  end  of  the 

cone  on  B,  in  order  that  the  slowest 

speed  of  B  may  be  75  II.  P.  M.  Tlien, 

if   the   cones  are  alike,   to  find   the 

greatest  speed  of  B: 


5- 


First 


Therefoi-e  II  K 


1200 

75 
Xow,  if  the  cones  are  equal 

G  L  =  E  D 


Fig. 

18 

R.  P.M.  of  A       UK 

K.  P.  3r.  of  B  "  E  D 

100       II K 

75   ~    12 

75  UK  =  12  X  100 

.0  inches. 

and 
Then 


12 


EC  =  IIK  =  16. 
R.  P.  M.  of  A 
ITT.  M.  of  B 
100  ^  12 


GL 
FT3 


a? 
1600 


12 


1381. 


Therefore,  the  larger  ends  of  the  cones  must  be  16  inches  in 
diameter  and  B  will  have  a  variation  of  speed  from  75  Jl.  P.  !M.  to 
1331  R.  P.  M  The  leno-th  of  the  cone  does  not  affect  the  ex- 
treme  speeds,  but  the  longer  the  cones  the  more  easily  the  inter- 
mediate speeds  may  be  obtained. 

Cones  arranged  as  explained  above  are  used  to  drive  drying 
machines  in  bleacheries  and  similar  places,  where  it  is  desired  to 
vary  the  speed  af  the  machine  according  to  the  weight  of  the  cloth 
which  is  being  dried.  Heavy  cloth  requires  a  longer  time  to  dry 
than  light  cloth  and  consequently  can  not  be  passed  through  the 
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machine  as  rapidly.      Tapered  cones  are  also  found  in  various  cot- 
ton macliines. 

Stepped  Cones,  Stepped  cones  are  often  used  in  place  of  the 
tapered  cones.  These  are  really  a  series  of  pulleys  side  by  side  on 
a  shaft,  a  similar  series  beino;  placed  on  the  other  shaft  with  the 
large  pulley  on  the  second  shaft  in  line  with  the  small  pulley  on 
the  first  shaft.  The  arrangement  is  sliown  in  Fig.  19.  In  practice 
the  several  pulleys  which  make  up  the  stepped  cones  are  cast  to- 
gether, both  cones  usually  being  cast  from  one  pattern.     The  cal- 
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culation  for  the  diameters  of  the  end  steps  are  the  same  as  for  the 
end  diameters  for  the  cones  (Fig.  17).  Assuming  that  both  cones 
are  alike,  the  intermediate  steps  can  be  found  as  follows: — 

Decide  how  many  intermediate  steps  are  desired,  then  draw 
the  center  line  ST,  and  draw  the  lines  AB  and  CD  perpendicular 
to  ST  and  at  a  distance  aj)art  equal  to  the  width  of  the  face  of  one 
step  multiplied  by  the  whole  number  of  steps  minus  one.  Make 
CD  ecpial  in  length  to  the  diameter  of  the  largest  step  and  A  I' 
equal  to  the  diameter  of  the  smallest  step.  Draw  x\C  and  BD. 
Draw  F^F  parallel  to  and  at  a  distance  from  CD  equal  to  the  width 
of  the  face  of  one  step.  The  distance  between  E  and  F,  the  points 
where  F^F  intersects  AC  and  BD,  will  be  the  diameter  of  the  sec- 
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Olid  stcf).  Other  steps  may  be  found  in  t\ni  same  manner.  To  use 
this  metliod  all  steps  must  have  the  same  width  of  face.  It  would 
not  be  accurate  for  an  open  belt,  alt]iouo;h  if  the  distance  between 
the  shafts  are  laro;e  comj)ared  with  the  diameter  of  tlie  cones,  an 
o|)en  l)elt  might  not  give  trouble  on  cones  designed  in  this  way. 

Ste})])ed  cones  are  very  commonly  used  for  driving  lathes  and 
other  machine  tools. 

EXAMPLES  FOR  PRACTICE. 

1.  A  shaft  making  115  revolutions  per  minute  has  keyed 
to  it  a  pulley  3(5  inches  in  diameter.  If  the  pulley  belted  to  the 
3G-inch  pulley  is  2(5  inches  in  diameter,  how  many  i-evolutions  will 
it  make  per  minute  ? 

Ans.  160  revolutions,  (nearly.) 

2.  A  pulley  12  inches  in  diameter  makes  180  revolutions  per 
minute.  The  other  pulley  connected  by  belt  to  the  12-inch  pulley 
shotild  make  75  revolutions.     Hom'  large  must  it  be  ? 

Ans.  28.8  inches  in  diameter. 

3.  A  motor  shaft  having  a  pulley  (>  inches  in  diamete'-  makes 
840  revolutions.  If  this  speed  is  to  be  reduced  to  320  revolutions, 
what  size  pulley  should  be  used  ? 

Ans.  15|  inches  in  diameter. 

Disk  and  Roller.  Fig.  20  shows  a  device  by  means  of  which 
one  shaft  turning  always  in  the  same  direction  with  a  constant  speed 
may  drive  another  shaft,  which  is  at  right  angles  to  it,  in  either 
direction  and  at  different  speeds.  A  is  a  disk  on  the  end  of  the 
overhanging  shaft  S.  On  the  shaft  T  is  ])laced  a  roller  B  free  to 
be  moved  up  or  down  on  T,  but  on  a  key  so  that  it  must  turn  with 
the  shaft.  Some  sort  of  a  shipper  must  be  provided  to  hold  B  in 
the  desired  position  on  T.  AVhen  one  shaft  turns  it  drives  the 
other  by  means  of  the  friction  between  A  and  B.  If  shaft  S  is  the 
driver,  turning  in  the  direction  indicated  by  the  arrow,  it  will 
cause  T  to  turn  in  the  direction  indicated  by  the  lower  arrow.  If 
it  is  desired  to  have  T  turn  in  the  opposite  direction,  keeping  the 
direction  of  S  the  same,  B  must  be  moved  up  above  the  center  line 
\)f  S  as  shown  dotted.  If  OK  is  the  distance  from  the  center  of 
disk  A  to  the  point  where  the  center  line  of  the  face  of  B  strikes 
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A,  aiul  LR  is  the  radius  of  P,  we  have  tlie  foHowing  etjuation, — 
R.  P.  :S[.  of  B        O  R 


R.  P.  :\I.ofA        LR 


(6) 


from  which,  knowing  the  speed  of  one.  the  speed  of  the  other  may 
be  calculated.  It  will  be  seen  from  this  equation  that  if  OR  is 
decreased,  that  is,  if  B  is  moved  nearer  the  center  line  of  S,  the  speed 
of  B  will  decrease  if  A  is  the  driver,  or  the  speed  of  A  will  increase 
if  B  is  the  driver. 


rti 


Q. 


-_.  -^-s— ^ 


^^''t: 


Fig.  20. 

This  device  is  used  for  driving  drvinop  machines  where  the 
cloth  cfoes  from  another  machine  direct  to  the  drvino;  machine,  and  it 
is  essential  that  the  speed  of  the  two  should  be  adjusted  to  a  nicety, 
in  order  that  excessive  strain  may  not  come  Uj)on  the  cloth.  It 
is  also  used  for  driving  the  feed  mechanism  on  luucliine  tools,  par- 
ticularly drills. 

Example:  Suppose  the  disk  A  uiakes  70  revolutions  per 
minute  and  disk  B  124:  revolutions.  If  OR  is  18  inches  what  is 
the  diameter  of  B  ? 


R.  P.  M 
R.  P.  M 

of  B 
of  A  "~ 

OR 
LR   ^'• 

124 

70 

18 
LR 

124 

X  LR  = 
LR  = 

=  70  X  18 

70  X  18 

124 

--  10.16  inches 

(about). 
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Diiuuctcr  would  he  2  /  10.1(5    =  20.82  im-lics  or  20,'',.  iiiclies. 

EXAMPLE  FOR  PRACTICE. 

1.  Disc  J>,  ¥\<r.  20,  is  12  inches  in  diiiineter  iiiid  makes  280 
revohitioDS  ])er  iniiuite.  If  shaft  8  is  to  make  4S  rev(jliitious  per 
iiiimite  how  far  from  the  center  must  tlie  cii'cumference  of  B  be 
placed  ?  Ans.  35  inches. 

DISCONNECTING  AND  REVERSING  HECHANISMS. 

Tight  and  Loose  Pulleys.  Fig.  21  shows  a  very  common 
arrangement  of  pulleys,  whereby  the  shaft  A  maybe  stopped  while 
the   driving   shaft   B    continues  to  run.      Pulley  C  is  keyed  to 


Hq 


rH 


KEYED  TO  SHAFT 


KEYED  TO  SHAFT 


oJ 


LOOSE  ON  SHAFT 


Lu 


DRIVING   SHAFT 


Fiff.  21. 


shaft  A,  while  pulley  D  is  free  to  run  on  A.  Pulley  E  has  its  face 
equal  in  width  to  the  sum  of  the  other  two  and  is  keyed  to  B. 
When  the  belt  is  in  the  position  shown  in  full  lines,  D  turns  with 
E,  while  shaft  A  remains  at  rest.  The  belt  is  guided  by  a  shipper 
and  when  it  is  desired  to  start  A,  the  belt  is  moved  into  the  posi- 
tion shown  by  the  dotted  lines. 

Jaw  Clutch.  Fig.  22  illustrates  an  arrangement  by  which 
the  gear,  or  pulley,  A  may  be  attached  to  turn  with  the  shaft,  or 
disconnected  so  as  to  turn  independently  of  the  shaft.  The  hub 
of  A  has  jaws  or  teeth  on  its  end,  and  the  sliding  piece  B  has  simi- 
lar teeth,  the  projections  on  B  fitting  into  the  indentations  of  A. 
The  shaft  may  turn  freely  in  A  while  B  slides  on  a  key  so  that  it 
must  turn  with  the  shaft.  When  B  is  in  the  position  shown,  the 
shaft  and  A  may  turn  independently  of  each  other,  but  when  B  is 
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moved  to  the  left  so  that  its  teeth  engage  witli  the  teeth  on  the 
hub  of  A,  it  serves  to  chinip  A  to  tlie  shaft.  The  principle  here 
involved  is  used  in  many  different  forms  of  clutches. 

Friction  Clutches.  A  jaw  clutch  such  as  illustrated  in  Fig. 
22,  if  thrown  in  while  the  shaft  or  gear  is  turning  brings  a  sudden 
shock  on  the  parts,  which  is  likely  to  cause  damage,  especially  if 
the  speed  is  high  and  much  power  is  transmitted.  Consequently, 
a  clutch  known  as  a  friction  clutch  is  often  used,  wliich,  as  its 
action  depends  U])on  the  friction  between  two  parts,  w  ill  iiiij)art 
motion  more  n-radnally  thereby  avoidingf  the  shock.     Fig;.  23  illus- 


Fig.  22. 

trates  a  simple  clutch  of  lliis  kind.  B  is  a  piece  free  to  slide  on  a 
key,  and  held  in  position  by  a  shipper.  A  is  a  pulley  or  gear  loose 
on  the  shaft.  The  outer  surface  of  B  and  the  inner  surface  of  A 
are  tapered  to  fit  each  other.  When  B  is  thrown  to  the  left  it 
clamps  A  to  the  shaft  in  the  same  manner  as  the  jaw  clutch. 

Two  Clutches  for  Reversing.  Fig.  24  shows  how  two  clutches 
can  be  arranged  so  that  either  one  may  be  thrown  in,  thus  giving 
motion  to  the  shaft  in  either  direction.  The  clutches  are  similar 
in  principle  to  the  one  shown  in  Fig.  23.  The  left-hand  clutch  is 
shown  partly  cross-sectioned.  The  ])iece  A  is  attached  to  a  shipjier 
which  when  moved  to  the  riglit  throws  in  the  right-hand  clutch; 
when  moved  to  the  left  throws  in  the  left-hand  clutch.   If  the  pul- 
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ley  of  tilt'  ri^lit-liHiid  (.-lute)/  i.s  dris'ei)  l)y  an  (jpcii  l)rlt  and  llic  nul. 
ley  (»r  the  Icrt-liaiid  cliitcli  l)y  a  crossed  belt,  tlie  shaft  will  he  driven 


Fig.  23. 

in  either  direction  according  as  one  or  the  other  clutch  is  thrown 
in.  When  A  is  in  the  position  shown  neither  clutch  is  in  and  the 
shaft  is  at  rest. 

SCREWS. 

The  Helix.      Since  all  screws  depend  upon  a  curve  known  as 


^^^^^ 


'^^y 


^m. 


Fis:.  24. 


the  helix,  it  will  be  necessary  to  understand  something  about  this 
curve  before  attempting  the  study  of  the  screw. 

Take  a  cylindrical  piece  of  wood,  such  as  is  shown  in  Fig.  '25. 
and  a  rectangular  piece  of  paper,  ABFE,  with  the  side  AB  equal 
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to  the  circMiinference  of  the  cylinder,  and  the  side  AE  equal  to  the 
lencrth  of  the  cylinder.      Now,  if  we  lay  off  ah)ng  AE  a  distance 


AD,  and  draw  the  line  DC  parallel  to  AB,  we  have  the  rectangle, 
ABCD.  Now  draw  the  diagonal,  AC,  of  the  rectangle  and  wrap 
the  paper  around  the  cylinder,  keeping  the  side  AE  on  an  element 
of  the  cylinder;  the  paper  will  just  cover  the  cylinder,  the  edge 


BF  meeting  the  edge  AE.  The  point  C  will  coincide  with  D  and 
lie  on  the  same  element  of  the  cylinder  as  A  and  at  a  distance  from 
A  equal  to  AD.  The  shape  which  the  line  AC  now  takes  is  called 
a  helix,  and  the  distance  AD  is  called  the  pitch  of  the  helix.     If 
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we  choose  another  point,  11,  half-way  between  A  and  I),  jiiid  dvnw 
a  line  IIJ  parallel  to  AC,  this  line  when  wrapped  around  the  cyl- 
inder will  form  another  helix  of  the  same  pitch  as  the  first  one. 
The  two  tooether  form  what  may  he  called  a  double  helix.  If  the 
line  AD  is  div  ided  into  three  equal  parts  instead  of  two,  and  lines 

A _R B 

*6 


I234.56?'<9I0III2I  Q 

Fig.  27. 

parallel  to  AC  be  drawn  from  each  of  the  points  of  division,  we 
would  have  on  the  cylinder  three  parallel  and  equidistant  helices 
of  the  same  pitch,  or  a  triple  helix.  Ficr.  20  shows  a  single  ritrlit- 
hand  helix,  Fig.  27  a  single  left-hand  helix.  Fig.  28  a  double  right- 
hand  helix,  and  Fig.  29  a  triple  right-hanil  helix. 

If  a  helical  groove  is  cut  on  the  surface  of  a  cylinder,  a  screw 

!< PITCH 


Pig.  28. 

thread  is  formed,  the  thread  being  the  material  which  is  left  be- 
tween  the  successive  turns  of  the  helical  groove.  A  cylinder 
having  a  thread  on  it  is  called  a  screw,  and  a  ])iece  having  a  cyl- 
indrical hole  in  it,  with  a  thread  around  the  hole,  is  called  a  nut. 
The  groove  which  is  cut  to  form  the  thread  may  be  in  the  form  of 
a  single,  double  or  triple  helix,  and  either  right-hand  or  left-hand; 
the  thread  would  be  described  in  the  same  terms. 


335 


28 


MECHANISM. 


Fig.  30  shows  a  right-hand  and  a  left-hand   single  V  thread 
r,nd  a  right-hand  and  a  left-hand  single  s(|uare  thread. 

<< PITCH > 


Fig.  29. 


One  complete  turn  of  a  screw  causes  it  to  travel  through  i 
nut  a  distance  equal  to  its  pitch. 


LEFT-HAND   THKEAI). 


LEFT-HAND   THUEAD. 


KIGHT-HAND   THREAD. 


RIGHT-HAND  THREAD. 


Fig.  30. 


There  are  certain  principles  w  liich  apply  and  certain  prol)leins 
which  arise,  in  connection  with  all  forms  of  screws,  and  we  shall 
now  consider  some  of  the  most  important  of  these. 

Let  Fig.  31  represent  a  jack  screw.  The  pitch  of  the  screw 
is  P  inches;  the  length  of  the  bar  from   the  axis  of  the  screw  to 
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the  point  R,  where  the  force  is  applied,  is  A  inches. 
F  pounds  is  exerted  at  li,  raising  the  weight  AV. 
Tlie  following  equation  holds  true, 

F         Distance  W  moves 
W        JJistanee  b  moves 


A  fui 


<,f 


'7> 


Su])pose  the  screw  to  be  turned  once;  then  F  will  move 
through  a  distance  approximately  eipial  to  the  circumference  of  a 
circle  whose  radius  is  A;  that  is,  F  moves  a  distance  2  tt  A.  In 
turnincr  the  screw  once,  W  is  raised  a  distance  P.  Then,  substi- 
tutino-,  in  equation  (7),  these  quantities  for  the  distances  which  F 
and  AV  respectively  move,  we  get 

F  P 


or 


W       2  TT  A 

2  TT  A  F  =  W  X  P 

WxP=2  7rAxF 

From  this  equation,  if  any 
three  of  the  quantities  F,  AV. 
P  or  A  are  known,  the  fourth 
may  be  found.  P  and  A  must 
both  be  expressed  in  feet  or 
both  in  inches.  ^'o-  31. 

For  example,  let  P  ^  i  inch,  A  =  5  feet,  F  =  100  pounds. 
Substituting  in  the  formule  we  get 

100 .25 

W  "~  2  X  3.U16  X  60 

.25  W  =  37699.2 

W  =  150,797  pounds  (nearly). 

EXAMPLES  FOR  PRACTICE. 

1.  Suppose  a  weight  of  200,000  pounds  is  to  be  raised  by  a 
jack  screw.  The  pitch  is  .20  inch,  and  the  force  applied  is  125 
pounds.     "What  must  be  the  length  of  the  bar? 

Ans.     51  inches  (nearly). 

2.  What  should  be  the  pitch  of  the  screw  of  example  1  if 
the  bar  is  made  6  feet  lonii?  Ans.     .28+  inches. 
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3.  A  lack  screw  has  the  followino;  dimensions:  Lentrth  of 
arm,  5|  feet;  pitch,  .125  inch.  If  200,000  pounds  are  to  l)e  raised 
what  force  must  be  applied  at  the  end  of  the  bar? 

Ans.     00  jtouiids. 

Combination  of  Screws.  Fig.  32  illustrates  a  method  by 
which  the  space  moved  throutrh  by  the  nut  C  may  be  made  very 
small  in  comparison  with  the  space  moved  through  by  a  point  on 
the  circumference  of  the  hand  wheel,  without  using  a  very  fine 
pitch  on  the  screw.  Great  pressure  can  thus  be  produced  at  C  by 
a  small  force  on  the  wheel,  without  danger  of  stripping  the  thread, 
which  might  occur  if  the  screw  had  a  fine  pitch.  The  upper  part 
of  the  screw  E  has  a  coarse  thread  which  acts  in  the  nut  B,  this 
nut  being  rigid  with  the  frame  D.  The  lower  part  of  the  screw 
has  a  pitch  diiferent  from  the  upper  part  and  acts  in  the  nut  C. 
C  is  free  to  slide  up  or  down  in  the  frame,  but  is  prevented  from 
turning  by  the  lips  L. 

Let  P  =  the  pitch  of  the  upper  [)art  of  the  screw  and  p  --^  the 
pitch  of  the  lower  part,  both  threads  being  right-hand,  and  V  being 
greater  than  j).  If  the  screw  were  attached  to  C  by  a  collar  in- 
stead of  beincr  threaded  into  it,  one  turn  of  the  screw  rijj;ht-handed 
in  nut  B  would  cause  the  screw  to  advance  a  distance  P,  carrying 
C  forward  the  same  distance.  But  since  by  the  same  turn  the 
screw  has  drawn  nut  C  on  to  itself  a  distance  j9,  the  actual  distance, 
K,  which  C  has  advanced  is 

K  =  P-i?  (9) 

If  J)  were  greater  than  P,  K  would  have  a  minus  value;  that 
is,  C  would  actually  move  up  for  a  right-handed  turn  of  the  screw. 
If  one  of  the  screws  is  left-handed  and  the  other  right-handed,  the 
equation  would  become 

K  =  P+j??.  (10) 

Let  P  =  ^  inch  and  p  =  y^.  inch,  and  let  both  screws  be  right- 
handed.  If  the  radius  A  of  the  hand  wheel  is  12  inches,  how 
much  pressure  can  be  exerted  at  C  by  a  force  of  50  pounds,  ap- 
plied to  the  circumference  of  the  wheel? 

The  same  principle  holds  here  as  in  the  case  of  a  simple 
screw;  that  is,  the  forces  exerted  are  inversely  as  the  distances 
moved  throu££li,  or, 
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Force  at  wheel 


Travel  of  C 


l"i 


Force  at  C  Travel  of  point  on  circum.  of  wheel 

so  tliat  we  must  first  find  the  distance  C  moves  for  one  turn  of  the 
wheel.     Substituting  the  values  of  P  and  y>  in  foniiula  (tjj,  we  get 


K  =  4-  -  A  =  -r,(  =  distance  C  moves  for  one  turn  of  the 

4         1  o  1  « 


screw. 


The  distance  which  a  point  on  circumference  of  wheel  movet 


Fi-.  32. 


=  2  TT  A  =  2  X  3.1416  X  12  =  75.4  inches.     S.il-t?tn»In.r  il. 
values  in  formula  (11)  we  get 


50 


1  fi 


Force  at  C       75.4 
Solving,  we  get,  force  at  C  =  60,320  pounds. 
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EXAMPLE  FOR  PRACTICE. 

1.  Suppose  the  press  shown  in  Fig.  82  has  the  following 
dimensions:  P  =  J  inch, ^;  ==  J  inch,  and  the  force  at  C  is  to  be 
78,000  pounds.  "What  force  must  be  applied  to  the  circumference 
of  the  wheel  if  it  is  14  inches  in  diameter? 

Ans.     GO  pounds  (nearly). 

Worm  and  Wheel.  The  mechanism  known  as  worm  and 
wheel  consists  of  a  wheel,  as  A,  Fig.  33,  having  teeth  on  its  cir- 
cumference, and  a  screw  or  worm  W,  meshing  with  the  teeth  on 
the  wheel.  The  axis  on  which  the  wheel  is  fixed  is  usually  at 
ricrht  ancrles  to  the  axis  of  the  worm.  If  the  worm  is  turned,  ths 
action  between  it  and  the  teeth  on  the  wheel  is  similar  to  the 
action  between  a  screw  and  the  thread  in  a  nut,  so  that  the  wheel 
will  turn  also.  If  the  worm  is  single-threaded,  one  turn  of  the 
worm  will  cause  the  wheel  to  advance  one  tooth,  so  that  in  order 
for  the  wheel  to  make  one  complete  revolution,  as  many  turns  of 
the  worm  will  be  required  as  there  are  teeth  in  the  wheeL  If  the 
worm  is  double-threaded,  half  as  many  turns  will  be  required  as 
there  are  teeth  in  the  wheel;  if  the  worm  is  triple-threaded,  one- 
third  as  many  turns  will  be  required  as  there  are  teeth  in  the 
wheel. 

Suppose  the  worm  be  single-threaded  and  turned  by  a  crank 

whose  length  is  R;  let  the  worm  wheel  have  n  teeth  and  have  on 

its  shaft  a  cylinder  of  radius  K,  M'ith  a  cord  wound  around  it  suji- 

])orting  the  weight  L.     If  a  force  of  F  pounds  is  applied  to  the 

crank,  the  same  principle  holds  true  as  in  the  other  mechanisms 

which  we  have  studied,  namely, 

F        Distance  L  moves  .     . 

, (12) 

L         Distance  F  moves  ^      ^ 

If  the  worm  makes  one  revolution,  F  will  move  through  a 

distance  2  tt  K.      The    wheel    makes  —    revolutions,    and    conse- 

ti 

quently  the  cylinder  to  which  L  is  attached  will  make  -  rev- 
olutions. If  the  cylinder  made  a  whole  revolution  it  would 
raise  L  a  distance  equal  to  its  circumference  =  2  t'"  K,  therefore. 

when  it  makes  one  revolution  it  will  raise  L  a  distance  Sub- 

n 

stituting  this  value  for  the  distance  L  moves,  in  formula  (12),  and 
substituting  for  distance  F  moves,  the  quantity  2  tt  R,  we  get 
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'ZTT  K 


Therefore, 


F 

n 

2   77    K 

L~ 

2    77    U        " 

•2    77    /.R 

K 

(13) 


Tf  the  worm  is  double-threaded,  L  will  be  raised  twice  as  far 
for  one  turn  of  the  worm,  so  that  the  above  formula  would  ln'come 
for  a  double  threaded  worm  and  wheel. 


2K 


L      n  R 

and  for  a  triple- threaded  worm  and  wheel, 

F_3K 
L       V  R 


(14) 


("5) 


For  example,  a  single-threaded  worm  makes  IHO  revolutions 
per  minute  and  the  worm  wheel  has  30  teeth,  how  many  feet  per 
minute  will  a  weight  be  raised  if  the  cylinder  on  the  shaft  of  the 
worm  wheel  is  12  inches  in  diameter? 

For  each  revolution  of  the  worm  wheel  the  worm  must  make 
80  revolutions,  hence  the  worm  wheel  makes  6  revolutions  per 
niinute.  The  circumference  of  the  cylinder  is  2  tt  R  or  2  X 
8.1410  X  0  =  87.699  inches  and  0  x  87.009  =  220.197  inches 
=  18.85  feet. 
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EXAMPLES  FOR  PRACTICE. 

1.  A  crank  of  18  inches  radius  is  attached  to  a  worm  of  a 
single  thread.  The  worm  wheel  has  48  teeth  and  is  attached  to  a 
drum  14  inches  in  diameter.  What  weight  can  be  raised  if  80 
pounds  is  applied  to  the  crank  ? 

Ans.  9874  pounds, 

2.  If  the  crank  in  above  device  is  given  216  revolutions  per 
minute  how  fast  will  the  weight  rise  ? 

Ans.  1(54  feet  (nearly). 

3.  How  fast  would  it  rise  if  the  worm  has  a  double  thread  ? 

Answer  33  feet. 
CAMS. 

A  cam  is  a  plate  or  cylinder  having  a  curved  outline,  or  a 
curved  groove  in  it,  which,  by  its  rotation  about  a  fixed  axis,  im- 
parts a  backward  and  forward  motion  to  a  piece  in  contact  with  it. 
The  motion  imparted  to  the  follower  may  be  at  right  angles  to  or 
parallel  with  the  axis  of  the  cam,  or  at  some  other  angle. 

The  motions  which  cams  are  designed  to  give  to  their  followers 
commonly  belonged  to  one  of  the  following  kinds:  uniform  motion, 
harmonic  motion,  or  "gravity"  motion.  The  cam  may  give  one 
kind  of  motion  all  the  time  or  it  may  give  different  kinds  of  mo- 
tion at  different  stages  in  its  revolution. 

Before  stud  vino;  the  cams  themselves,  we  will  consider  the 
three  kinds  of  motions  mentioned. 

Uniform  Motion.  If  a  body  moves  through  equal  spaces  in 
equal  intervals  of  time,  it  is  said  to  have  uniform  motion,  that  is, 
its  velocity  is  constant. 

Harmonic  Motion.  If  a  point  as  C,  Fig.  34,  travels  around 
the  circumference  of  a  circle  with  .uniform  velocity,  and  another 
point,  as  E,  travels  across  the  diameter  at  the  same  time  at  such  a 
velocity  that  it  is  always  at  the  point  where  a  perpendicular  let  fall 
from  (y  would  meet  the  diameter,  the  point  E  would  be  said  to 
have  harmonic  motion.  Its  velocity  will  increase  from  the  start- 
ing point  A  until  it  reaches  the  center  (),  and  from  O  to  D  its 
velocity  gradually  decereases  to  zero  at  D. 

Gravity  Motion,  or  uniformly  accelerated  and  retarded  mo- 
tion, is  also  a  motion  where  the  velocity  gradually  increases  until 
it  reaches  a  maximum  at  the  middle  of  the  path  and  from  there 
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(rradnally  decreases  to  tlie  end.  Tlie  rate  of  increase  and  decrease, 
however,  is  diiferent  from  tliut  in  liarnionic  motion,  tlie  velocity 
being  increased  in  gravity  motion,  hj  e(jual  ainounts  in  ef|ual  in- 
tervals of  time,  the  spaces  traveled  over  in  successive  intervals  of 
time  being  in  the  ratio  of  1,  3,  5,  7,  etc.,  to  the  middle  of  the  path, 
and  decreasing  in  the  same  ratio  to  the  end. 

The  kind  of  motion  which  the  follower  is  desired  to  have  must 
be  taken  into  consideration  when  designing  a  cam. 

Plate  Cams.  Fig.  35  shows  a  plate  cam  designed  to  raise 
and  lower  the  follower  P  with  uniform  motion.  The  point  of  P 
is  raised  from  A  to  e  while  the  cam  turns  ricrht-handed  throuc-h 
two-thirds  of  a  revolution,  and  is  lowered  again  to  its  original  posi- 
tion during  the  remaining  one-third  of  a  revolution  of  the  cam.  In 
this  cam  the  line  of  motion  to  the  point  of  P  passes  through  the 
point  O,  which  is  the  center  of  the  shaft  on  which  the  cam  is  fixed. 


To  design  such  a  cam,  draw  a  circle  with  O  as  a  center  and 
passing  through  A.  Since  the  raising  of  P  is  to  take  place  during 
two-thirds  of  a  revolution,  right-handed,  find  a  point  E  on  the  cir- 
cumference of  the  circle,  such  that  the  arc  AHE  shall  be  §  of  the 
whole  circumference,  thus  leaving  arc  ACE  equal  to  \  of  the  cir- 
cumference. Divide  the  arc  AHE  into  any  number  of  equal  parts 
and  draw  the  radial  lines  OF,  OG,  etc.  Divide  Ke  into  the  same 
I  number  of  equal  parts  and  from  the  points  of  division  1,  2,  3,  etc., 
I  thus  found,  swing  arcs  around  the  center  O,. cutting  OF,  OG,  etc., 
I  at  points/',  ^,  etc.,  respectively.  A  smooth  curve  drawn  through 
1  A,/,  J/,  etc.,  to  ?/i,  will  give  the  outline  of  that  part  of  the  cam 
I  which  raises  P.  The  outline  of  the  rest  of  the  cam  is  found  in  a 
similar  manner,  by  dividing  arc  A(yE  into  any  number  of  equal 
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parts  and  makinc.  a  new  division  of  A.  into   the   same  numher  of 
equal  parts,  (])oints  d,  r,  h.) 

Fio-  36  shows  a  cam  whidi  gives  the  same  motion  to  the  tol- 
lower  as  was  given  by  the  cam  shown  in  Fig.  35,  but  in  this  case 
the  line  of  motion  of  P,  instead  of  i)assing  through  O,  passes  a  dis- 
tance Oa  to  one  side  of  O.  The  only  dilference  in  the  method  of 
desicrnintr  this  cam  from  that  previously  described  is  that  instead 
of  drawing  radial  lines  through  points  A,  F,  d,  etc.,  we  draw  lines 


m 


___m 


Fig.  35. 

through  these  points  tangent  to  a  circle  drawn  with  center  O  anc 

radius  Oa.  t)      •  v. 

If  in  Figs.  35  and  36  it  had  been  required  to  raise  P  with 
harmonic  motion  instead  of  uniform  motion,  the  only  difference  in 
construction  would  have  been  in  making  the  divisions  of  ^e. 
These  divisions,  instead  of  being  equal,  would  be  found  as  shown 
on  a  larger  scale  in  Fig.  37.  On  the  line  Ke  as  a  diameter,  draw 
a  semicircle  and  divide  this  semicircle  into  as  many  equal  parts  as 
we  divided  the  arc  AIIE  in  Figs.  35  and  36.     From  the  points 
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P.CT),  etc.  (Fi<r.  37),  draw  perpendiculars  to  line  A^',  cnttinrr  it 
at  points  1,  2,  8,  etc.  The  division  A-1,  1-2,  etc.,  thus  found, 
are  the  divisions  of  Ae  which  would  be  used  in  iindincr  the  cam 
outline,  in  j)lace  of  the  equal  divisions  which  were  used  for  uniform 
motion. 

Fig.  88  shows  how  A^^  would  be  divided   if  the  nnjtion   were 


to  be  ''(irravitY  '"  Since  Ae  is  to  be  divided  into  as  many  equal 
})arts  as  arc  AIIE,  in  this  case  it  will  be  divided  into  eight  parts. 
Now  if  the  motion  which  the  cam  is  to  give  to  piece  P  is  to  be 
uniformly  accelerated  and  retarded  (that  is,  gravity  motion  ) ,  Ae 
must  be  divided  in  such  a  way  that  the  distance  from  1  to  2  is 
three  times  the  distance  from  A  to  1;  the  distance  from  2  to  3  is 
tive  times  the  distance  from  A  to  1 ;  3  to  4  is  seven  times  A  to 
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1 ;  4  to  5  is  seven  times  A  to  1 ;  5  to  0  is  five  times  A  to  1 ;  0  to  7 
is  three  times  A  to  1;  and  7  to  e  is  equal  to  A  to  1.  Theivfoiv 
the  whole  line  A(^  is  1  +  3  +  5  +  7  +  7  +  5  +  3  +  1  or  32  times  the 
distance  from  A  to  1,  or  in  other  words,  A-1  is  3V  of  the  whole 
line  A^,  and  1-2  is  ^^^  of  A^,  and  so  on.  To  divide  A^;  so  that 
the  divisions  may  bear  this  relation  to  each  other,  draw^  the  line 
AH  at  any  convenient  angle,  and  choosing  any  convenient  distance 
as  a  unit,  mark  it  oft*  on  AE,  thirty-two  times,  beginning  at  A. 
From  I,  the  last  of  these  dividing  points,  draw  a  line  to  e\  next 
lind  the  points  B,  (\  D,  etc.,  as  follows:  B  is  the  first  division 
from  A,  C  the  third  from  B,  etc.,  thus  getting  the  divisions  of 
Al  in  the  ratio  1,  3,  5,  7,  7,  5,  8,  1.    From  the  points  B,  C,  I), 


Fig.  38. 

etc.,  draw  lines  parallel  to  \e,  meeting  Xe  at  1,  2,  3,  etc.,  which 
will  be  the  required  points  of  division. 

The  cams  which  we  have  been  considering  all  act  on  the  com- 
paratively sharp  end  of  the  piece  P,  and  consequently  much  fric- 
tion and  rapid  wearing  will  result  if  much  power  is  transmitted. 
Fig.  39  shows  a  cam  designed  to  act  on  a  roller.  The  outline  is 
first  found  for  a  cam  to  act  on  a  piece  like  those  in  the  preceding 
cases,  with  its  point  at  the  center  of  the  roller.  This  curve 
is  shown  dotted  in  the  figure.  Next,  with  a  radius  equal  to  the 
radius  of  the  roller,  and  with  centers  at  any  number  of  points 
around  the  dotted  curve,  draw  ares  as  shown.  A  smooth  curve 
drawn  tangent  to  these  arcs  will  be  the  outline  of  the  cam  which 
is  to  act  on  the  roller. 
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Cylindrical  Cams.  A  plate  cam,  such  as  we  have  heen  con- 
sidering, can  l»e  (lesiirjied  to  give  ahiiost  any  kind  of  motion  in  a 
plane  at  right  angles  to  the  axis  of  the  shaft  on  which  the  cam  is 
located,  hut  can  not  give  motion 
parallel  to  the  axis  of  the  shaft. 
I  f,  however,  we  place  on  the  shaft 
a  cylinder  with  a  groove  cut  in 
it,  the  shape  of  the  groove  may  be 
made  such  as  to  give  to  a  piece 
inserted  in  it  almost  any  motion 
along  the  shaft;  or,  if  the  depth 
of  the  groove  be  varied,  the  fol- 
lower may  be  given  a  motion 
which  shall  be  made  uj)  of  two  __^ 
components,  one  along  the  shaft  l 
und  one  at  rij^ht  antrles  to  the  '. 
shaft. 

Fig.  40  shows  two  views  of 
a  cam  designed  to  give  a  back- 
ward and  forward  motion  in  a 
line  parallel  to  the  axis  of  the 
shaft. 

Familiar  illustrations  of  the  use  of  plate  cams  are  found  in 
the   bobbin-winding   mechanism  on   some  sewing  machines;  on 


many  kinds  of   looms,  and  in  the  valve  gear  on  the  Brown  and 
other  steam  engines.      Cylindrical  cams  are  used  in  many  places 
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in  textile  work  and  in  nuiebine  tools.      One  very  coninion  nse  is  in 
stretchers  on  many  forms  of  clotL-tinislinig  machinery, 

LEVERS. 

A  lever  is  a  ri^id  piece  supported  at  some  point  called  the 
inlcrum,  and  so  arranged  that  when  force  is  applied  at  a  certain 
point  in  the  piece,  work  is  done  at  a  certain  other  point  by  reason 
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WEIGHT 


■^P^^ 


jrz. 


FULCRUM 
-|*-^A  -*t-« B  — 


FULCRUM 


FORCE 

2 


WEIGHT 


Fig.  41. 


Fig.  42. 


of  the  pivoting  action  around  the  fulcrum,  iigs.  41,  42  and  4.3 
illustrate  the  three  common  kinds  of  levers^  the  difference  consist- 
ing in  the  relative  positions  of  the  force  applied  and  the  weight 
lifted,  with  respect  to  the  fulcrum.  In  any  of  the  three  cases,  if 
we  let  F  =  force  applied,  W  =  weight  lifted,  A  =  distance  from 
fulcrum  to  weight,  and  B  =  distance  from  fulcrum  to  F,  we  have 
the  following  equation: 


F  X  B  -=  A  X  W  or 

(I6)  ^  =  B- 

from  which,  if  any  three  of  the 
quantities  are  known,  the  fourth 
may  be  found. 

Distance  A  is  called  the 
weight  arm,  and  distance  B  is 
called  the 2xnverar7n.  The  pro- 
duct of  A  times  the   weight  is 


FORCE 


P"ULCRUM 


wgght[__] 

43. 


called  the  moment  of  the  weight,  and  the  product  of  V)  times  the 
force  is  called  the  moment  of  the  force.  Another  way  of  stating 
the  principle  expressed  in  equation  (16)  is: 

Moment  of  force  =^  moment  of  weicfht. 
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Example:  Suj)[»ose  a  weight  of  40  pounds  is  liniio-  on  the 
end  of  M  lever.  If  the  distance  from  the  fulcrum  to  the  weigjit  is 
14  inches,  what  power  must  he  applied  to  raise  the  weight,  the 
listance  from  the  fulcrum  to  the  power  heing  18  inches? 

F  X  B  =  A  X  W 

F  X  18=14  X  40 

T.       14  X  40 

=  81.11  pounds. 

Another  example:  Let  the  accompanying  diagram  represent 
a  safety  valve.  We  will  neglect  the  weight  of  the  lever  and  valve. 
Suppose  the  valve  V  has  an  area  of  3  square  inches  and  the  steam 
pressure  per  square  inch  is  30  pounds.  The  valve  is  5  inches 
from  the  fulcrum  and  the  weight  is  32  inches  from  the  fulcrum. 
What  should  he  the  weicrht  of  the  hall  Bi 


32' 


36 


First,  let  us  find  the  moment  of  power.  The  total  upward 
pressure  is  3  X  36  =  108,  because  the  total  steam  pressure  equals 
the  ])ressui'e  per  S(]uare  inch  multiplied  by  the  area. 

The  moment  of  power  is  108  X  5  =  540. 

The  moment  of  weight  is  32  X  13. 

Then  32  X  B  =  540 
540 


B  = 


32 


=  17  pounds  (nearly). 

Had  we  considered  the  weight  of  the  valve  and  lever,  we 
woiild  have  added  tlreir  moments  to  that  of  the  weight,  because 
these  weights  increase  thtf  weight  l)ut  not  the  power. 

If  in  addition   to  the  data  given  above,  the  lever  weighs    10 
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pouuds  and  its  center  of  gravity  is  at  its  center,  that  is,  10  inches 
from  tlie  fiilcrnni.     Then 

Moment  of  kn-er  =  10  X  10  =  100. 
The  valve  and  valve  sj)indle  weigh  8  pounds  and  are  5  inches 
fi-oni  tlie  fulcrum,  hence 

Moment  of  valve  =  8  X  5  =  40. 
Total  moment  of  weight  =  32  X  B  +  200. 
The  moment  of  power  is,  from  the  previous  example,  540, 
and  we  have  the  e(piation 


32  X  B  f  200  =  540 

32  B  =  540  -  200. 
32  B  -=  340 

B  =  ?^  =  10.62  +  pounds. 

Thus  we  see  that  by  considering  the  weight  of  the  valve  and 
spindle  and  that  of  the  lever,  the  ball  can  be  reduced  in  weight 
from  17  to  10|  pounds. 

If  the  lever  is  curved  as  in  Fig.  44,  the  weight  arm  A  becomes 
the  length  of  the  perpendicular  from  the  fulcrum  to  the  line  of 
action  of  the  weight,  and  the  power  arm  B  the  length  of  the  per- 
pendicular from  the  fulcrum  to  the  line  of  action  of  the  force. 

LINK  WORK. 

Four=Bar  Linkage.  If  we  have  the  four  rods  AB,  BC,  CD 
and  DA,  Fig.  45,  each  connected  to  two  of  the  others  by  piu  and 
eye  joints,  each  rod  becomes  what  is  called  a  link,  and  the  whole 
forms  a  four-bar  linkage.  If  the  link  AB  is  fixed  in  a  position 
[as  regards  the  frame  of  the  machine)  the  pins  at  A  and  B  become 
fixed  centers,  the  links  AD  and  BC  become  what  are  called  cranks, 
and  the  link  (vD  becomes  a  connecting  link  or  connecting  rod.  If 
AD  is  caused  to  turn  with  a  uniform  angular  speed  about  the  j)in 
of  A,  that  is,  turning  through  equal  angles  in  equal  periods  of  time, 
BC  will  be  compelled  to  turn  with  some  sort  of  motion  about  j)in 
B.  A\Tiether  BC  shall  have  uniform  anmilar  motion  and  wliether 
it  shall  make  complete  revolutions  for  complete  revolutions  of  AD, 
will  depend  upon  the  relative  lengths  of  the  four  links. 

The  center  line  drawn  throuoh  the  fixed  link  AB  is  called  the 
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line  of  centers,  and  the  center  line  drawn  tbroucrh  the  conneotimr 
rod  CD  is  called  the  line  of  connection.  Whatever  the  relative 
lengths  of  the  various  links,  the  following  law  holds  true  for  any 
position  of  the  linkage. 

Angular  velocity  of  crank  AD        B  II        BE 
Angular  velocity  of  crank  B  C        A  K 


AE 


(17) 


That  is,  if  at  any  given  instant  the  connecting  rod  1r^  im- 
agined removed  and  the  cranks  continue  turning  at  the  same  speed 
at  which  they  were  moving  when 
the  connecting  rod  was  removed, 
the  number  of  turns  of  the  cranks 
in  a  given  period  of  time  would 
be  to  each  other  inversely  as  the 
lengths  of  the  perpendiculars 
drawn  fi'om  the  respective  fixed 
centers  to  the  line  of  connection, 
and  also  inversely  as  the  dis- 
tances from  the  fixed  centers  to 

the  point  where  the  line  of  connection  meets  the  line  of  centers.  A 
mathematical  proof  can  be  given  for  this  law,  but  it  will  not  be 
considered  here. 

If  the  fixed  link  AB  is  made  equal  in  length  to  the  connect- 
ing rod  DC,  and  the  two  cranks  are  equal  (see  Fig.  46),  the  con- 
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Fig.  45 

necting  rod  will  always  be  parallel  to  the  fixed  link,  and  the  per- 
pendiculars BH  and  AK  will  always  be  equal,  so  that  from  equa- 
tion (17)  it  will  be  evident  that  the  speeds  of  the  cranks  are  always 
equal.  An  example  of  a  linkage  of  this  kind  is  found  in  the  par- 
allel  rod  connecting  the  drivers  of  a  locomotive,  as  shown  in  Fig. 
47.     The  axles  of  the  drivers  form  the  fixed  centers  A  and  B,  the 
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frame  of  the  locomotive  forms  the  tixed  link  AB,  the  drivers  them- 
selves form  the  cranks  AD  and  BC,  and  the  parallel  rod  forms  the 
connectino;  link. 

Crank  and  Connecting  Rod.      In  the  four-bar  linkage  shown 
in  Fig.  45,  the  pin  C  is  compelled  by  crank  BC  to  move  on  the 


Fiff.  46. 


arc  of  a  circle  whose  center  is  B  and  radius  BC,  If  in  place  of 
BC  the  fixed  link  is  formed  as  shown  in  Fig.  48,  being  provided 
with  a  slot  whose  radius  is  BC  and  center  is  B,  the  pin  C  on  the  end 
of  the  connecting  rod  will  have  exactly  the  same  motion  that  it 
would  if  guided  by  the  crank  BC.     Now,  if  the  radius  of  the  slot 


Fig.  iT. 

is  gradually  increased,  the  slot  will  become  nearer  and  nearer  to 
being  straight,  so  that  the  linkage  shown  in  Fig.  49,  where  the 
slot  is  straight,  may  be  said  to  be  the  limiting  case  of  the  linkage 
shown  in  Fig.  48.  This  is  the  linkage  which  we  have  in  the  crank, 
connecting  rod,  crosshead  and  crosshead  guides  of  a  steam  engine. 
The  crank  shaft  corresponds  to  the  pin  A,  the  frame  and  guides 
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take  the  place  of  the  slotted  link  AC,  DC  is  the  connectinrr  rod, 
and  AD  the  crank. 

As  there  are  many  problems  which  may  arise  in  connection 
with  this  linkage,  particularly  as  applied  to  the  steam  engine,  we 
will  consider  the  most  important. 


Pig.  48. 

Fig.  50  shows  the  same  linkage,  the  links  being  represented 
by  their  center  lines  only.  AD  is  the  crank,  DC  the  connect- 
ing rod,  C  the  crosshead  and  AC  the  center  line  throuo-h  the  crank 
shaft  and  the  guides. 

Suppose  the  crank  has  a  length  K  and  is  making  N  rt-volu- 
tions  per  minute  at  a  uniform  speed,  to  tind  how  fast  the  crosshead 
is  moving  at  any  given  position  of  the  crank. 


A  C 

Fig.  49. 

We  will  solve  this  problem  partly  graphically  and  partly  by 
calculation.  The  first  step  is  to  tind  how  fast  the  crank  pin  D  is 
movinor.  For  one  turn  of  the  crank,  D  travels  through  a  distance 
equal  to  the  circumference  of  a  circle  whose  radius  is  R,  that  is,  a 
distance  of  2'n'E..  If  the  crank  turns  N  times  per  minute  the 
velocity  of  D  must  be  2  tt  RN.  Knowing  the  value  of  R  and  N. 
for  any  particular  case  we  can  substite  in  this  formula  and  tind  the 
actual  velocity  of  D.  Next  draw  the  linkage  at  a  convenient  scale,  in 
the  position  in  which  it  is  desired  to  tind  the  velocity  of  C.  Draw  Dd 
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perpendicular  to  AD  and  make  its  length  represent  at  a  convenient 
scale  (not  necessarily  the  same  scale  as  was  used  for  the  links)  the 
calculated  velocity  of  D.  This  represents  the  actual  velocity  and 
direction  of  motion  of  the  end  D  of  the  connecting  rod  at  the  in- 
stant under  consideration.  Now  resolve  the  velocity  1)^/  into  its 
components,  along  and  at  right  angles  to  DC,  by  prolonging  the 


Fig.  50. 

line  DC  and  drawing  <7E  perpendicular  to  it.  The  component  DE 
is  the  only  one  which  has  any  effect  on  the  motion  of  the  point  C. 
We  have  already  learned  that  the  motion  of  the  two  ends  of  a  rod 
must  have  their  components  along  the  rod  equal,  therefore  lay  off 
from  C,  CF  =  DE.  The  actual  motion  of  (/  is  along  the  line  CA, 
and,  as  CF  is  one  component  of  the  motion,  the  other  component 


Fig.  51. 

must  be  perpendicular  to  CF,  therefore  draw  FIT  perpendicular  to 
CF  and  meeting  CA  at  H.  Then  ClI  is  the  velocity  of  point  C 
at  the  same  scale  at  which  T)d  was  drawn. 

Eccentric.  The  eccentric  and  eccentric-rod  linkage  is  in 
principle  the  same  as  the  crank  and  connecting  rod.  To  trace  out 
the  connection  between  the  two,  let  us  consider  the  crank  and  con- 
necting rod  shown  in  Fig.  51.  Here  the  crank  pin  D  is  large  and 
comes  almost  to  the  center  of  the  shaft  A.     By  increasing  still 
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further  the  diameter  of  the  pin  D,  so  that  it  will  take  in  the  shaft, 
as  shown  in  Fitr.  52,  we  obtain  the  eccentric. 

Considering  again  the  crank  and  connecting  rod  linkage:  Sup- 
pose that  in  Fig.  53  a  force  F  is  applied  at  the  crank  pin  D  in  a 
direction  ])erpendiciilar  to  the  center  line  AD;  then  the  pressure 
which  would  be  exerted  by  the  slide  0  could  be  found  by  the  same 
principle  which  we  have  used  in  previous  cases,  namely,  the  forces 
are  inversely  proportional  to  the  velocities.  Let  F  be  the  force  at 
D,  and  P  the  pressure  at  C.  Assume  any  velocity  of  the  point  D 
and  represent  this  at  some  scale  by  the  line  Dd  perpendicular  to 
AD.  Then  find  the  velocity  CII  of  the  point  C  along  the  line  AC, 
in  the  same  manner  as  in  Fig.  50.  The  value  of  CII  can  be  meas- 
ured  off  at  the  same  scale  at  which  Dd  was  drawn.     Then 


P 


CH 
Dd 


(i8) 


Fig.  52. 

from  which,  if  one  of  the  quantities  F  or  P  is  known,  the  other 
may  be  found. 

If  the  value  of  CH  is  found  for  various  positions  of  AD,  keep- 
incr  Dd  constant,  it  will  be  seen  that  the  nearer  AD  comes  to 
coinciding  with  AC,  the  smaller  CH  becomes,  and  from  equation 
(18)  it  will  appear  that  the  smaller  CH  is,  the  greater  P  becomes 
with  relation  to  F.  The  above  discussion  will  hold  true  if  the 
force  acts  in  the  direction  Dd  or  in  the  opposite  direction. 

The  linkage  used  in  this  way  to  effect  pressure  at  c  by  a  force 
on  1)  is  known  as  the  toggle  joint,  and  is  used  with  more  or  less 
modification  in  several  kinds  of  machinery,  such  as  punching  ma- 
chines, brakes  on  the  drivers  of  a  locomotive,  etc.     The  force  need 
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not  be  applied  at  D,  but  may  be  applied  at  some  other  point  on 
AD,  or  on  some  piece  ritjidly  connected  to  AD  but  makincr  an 
angle  with  it.  This  is  shown  in  Fig.  54.  Here  the  force  is  ap- 
plied at  E,  and  we  can  find  the  force  at  C  by  the  same  principle 
as  before:     The  force  at  C  is  to  force  at  E  inversely  as  the  veloci- 


Fig.  53. 


ties  of  C  and  E.     The  only  difference  is  in  finding  the  velocity  of 
C.     Assume  a  velocity  for  E.  as  Ee      Then 


Velocity  E 
Velocity  D 


AE 
AD 


19) 


from  which  the  velocity  of  D  may  be  found-   the  rest  of  the  solu- 
tion would  be  the  same  as  for  Fior.  53. 


These  problems  may  be  solved  by  another  and  perhaps  some- 
what shorter  method,  but,  as  this  would  involve  the  resolution  of 
forces,  which  have  not  yet  been  taken  up  in  istail,  we  will  confine 
ourselves  to  the  above  method. 
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QUICK  RETURN  MOTIONS. 

In  various  kinds  of  niiicliinery,  particularly  maehinc  t<jols,  it 
is  desired  to  move  a  piece  Ixickwanl  and  forward;  the  forward 
motion  being  slow  and  the  return  motion  more  rapid.  Take  for 
example  the  shapcr;  as  the  tool  when  movincr  forward  is  cuttintr 
metal,  it  should  go  slowly  and  steadily,  but  after  the  cut  is  made 
it  iS  defjirable  to  get  the  tool  back  ready  for  its  next  stroke  as 
(|uickly  as  possible.  Many  different  devices  are  used  to  accom- 
plish this  result. 

If  in  Fig.  45  we  replace  the  connecting  rod  DC  by  a  slot  in 
the  link  BC,  we  get  the  linkage  shown  in  Fig.  55.  A  and  B  are 
the  iixed  centers,  AD  is  the  driving  crank  (which  usually  turns 


Fif?.  55. 

with  uniform  speed),  BD  is  the  slotted  crank  and  to  some  part  of 
1>D  a  liidv  or  some  other  piece  is  connected  by  means  of  which  the 
tool  is  driven.  Two  distinct  mechanisms  are  formed,  depending 
upon  the  relative  lengths  of  the  links.  If  the  proportions  are  such 
that  a  circle  drawn  around  the  center  A,  with  radius  AD,  falls 
outside  the  center  B,  as  shown  in  Fig.  56,  we  have  what  is  known 
as  a  Whitworth  quick  return  motion.  Here  the  slotted  crank 
niakt's  one  complete  revolution  for  each  complete  revolution  of 
AD,  but  its  speed  is  not  uniform.  In  this  figure,  a  connecting 
rod  TT  is  represented  as  attached  to  a  ])oint  T  on  the  slotted  link. 
The  other  end  of  this  connecting  rod  moves  the  tool  holder  T 
alonsf  the  straiirht  line  ]>T.  When  the  linkau;e  is  in  the  i)osition 
shown,  T  is  in  its  extreme  right-hand  position,  and  it  will  be  in  its 
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extreme  left-hand  position  when  BP  occupies  the  position  BP,. 
In  turning  BP  through  this  angle  (180^),  AD  has  turned  through 
the  anMe  L.  In  returning  BP  to  its  right-hand  position  again, 
AD  has  to  turn  through  the  angle  M  only.  Now,  since  AD  turns 
with  uniform  speed  and  since  angle  M  is  less  than  angle  L,  T 
makes  its  stroke  from  left  to  right  in  less  time  than  was  roquir(;(l 
to  move  from  right  to  left.  The  time  of  advance  and  time  of 
return  are  in  the  ratio  of  angles  L  and  M.  If  the  length  of  the 
crank  AD  and  the  ratio  of  time  of  advance  to  return  are  known 
the  distance  AB  may  be  found  as  follows: 


Fig.  56. 

With  A  as  a  center  and  AD  as  a  radius,  draw  a  circle  and 
divide  the  circumference  by  the  points  D  and  D,  so  that  angle  L 
may  bear  the  same  ratio  to  angle  M  that  the  time  of  advance  bears 
to  the  time  of  return.  Join  D  and  D,  and  from  A  draw  a  line 
perpendicular  to  DDj,  meeting  it  at  B,  which  will  be  the  required 
center  for  thg  driven  crank. 

The  distance  BP  governs  the  length  of  the  stroke  of  the  tool, 
so  that  by  varying  the  position  of  P  the  length  of  the  stroke  may 
be  varied. 

If  the  proportions  of  the  linkage  are  such  that  a  circle  drawn 
with  A  as  a  center  and  a  radius  AD   comes  inside  the  point  B, 
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that  i.s,  if  AD  is  less  than  AB,\ve  havo  what  is  known  as  a  swirio-. 
iiiji;  bhjck  linka<rt'.  P^icr.  57  shows  this  f<jrMi  of  quick  return  riio- 
tion.  The  jjiece  which  drives  the  UxA  is  attached  to  the  slotted 
link  at  1*.  which  iiiav  he  anywhere  aloiiy;  the  link.  The  linkac-e  ig 
shown  at  the  extreme  right  of  its  stroke,  the  point  D  being  at  the 
t)oint  where  the  center  line  of  the  slot  is  tangent  to  the  circle 
drawn  with  center  A  and  radius  AD,  (that  is,  the  length  of  the 
driviiii^  ci-ank).       AD,  is  the  corresponding  position  of  the  crank 


,-4- 


Fig.  57. 

at  the  other  extreme  of  the  stroke.  The  time  of  advance  is  to  the 
time  of  return  as  ano-le  L  is  to  antjle  M,  as  in  the  case  of  the 
Whitworth  quick  return.  If  the  ratio  of  advance  to  return  and 
the  length  of  AD  are  known,  the  position  of  B  may  be  found  by 
drawing  the  circle  with  center  A  and  radius  AD,  and  on  this  circle 
finding  points  D  and  I),  such  that  the  angles  L  and  M  shall  have 
the  required  ratio.  Then  draw  DB  and  D,B  tangent  to  the  circle 
at  D  and  D,  respectively,  meeting  each  other  at  B,  which  is  the , 
required  center  for  the  driven  crank. 
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GEARING. 

If  shaft  B,  Fig.  58,  has  fastened  to  it  a  disc  witli  smooth  cir- 
cumference, the  disc  being  in  contact  at  the  point  P  with  another 
disc  on  shaft  A,  the  rotation  of  one  shaft  will  cause  the  other  to 
rotate,  provided  there  is  sufficient  friction  between  the  two  sur- 
faces to  prevent  slipping.  According  to  the  principles  which  we 
have  already  learned,  the  following  equation  will  hold  true: 

Revolutions  per  minute  of  A       B  P 
Revolutions  per  minute  of  B       A  P 

In  practice,  the  friction  would  not  be  sufficient  to  be  relied 
upon,  so  that  discs  having  teeth  upon  their  circumference  are  used, 
instead  of  the  plain  discs.  The  discs  or  wheels  thus  formed  are 
called  gears.  The  teeth  may  have  any  one  of  several  forms,  and 
the  gears  may  connect  shafts  which  are  parallel,  intersecting  at 
some  angle,  or  neither  parallel  nor  intersecting.     Two  gears  such 

as  shoM'n  in  Fig.  59,  where  the  shafts 

c5  ' 

are  parallel  and  the  teeth  on  the  cir- 
cumference are  parallel  to  the  axis 
of  the  gear,  are  called  spur  gears. 

The    two   dot   and  dash   circles 
drawn   about  the  centers  A  and   B 
Fig-  58.  and  in  contact  at  P  correspond  to 

the  two  discs  of  Fig.  58,  and  the  gears  may  be  said  to  be 
derived  from  these  circles,  which  are  called  the  pitch  circles. 
The  diameters  of  these  circles  are  called  the  pitch  diameters 
of  the  gears.  The  point  P,  where  the  two  pitch  circles  touch 
each  other,  is  called  the  pitch  2>oint.  Circles  drawn  through 
the  outer  ends  of  the  teeth  are  called  the  addeJuUim  cirleSy 
and  circles  drawn  at  the  bottom  of  the  teeth  are  called  the 
root  cirrles.  These  circles  are  indicated  on  the  figure.  That  part 
of  the  tooth  outlined  between  the  pitch  circle  and  the  addendum 
circle,  as  PE,  is  called  the  face  of  the  tooth,  and  that  part  between 
the  pitch  circle  and  the  root  circle,  as  PF,  is  called  the  flank. 
The  radius  of  the  addendum  circle  minus  the  radius  of  the  pitch 
circle  is  called  the  addendum  distance,  or  simply  the  addeiidin-i. 
The  radius  of  the  pitch  circle  minus  the  radius  of  the  root  circle 
is  called  the  root  distance  or  the  root.     The  root  is  commonly 
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inadi^  :i  little  greater  than  the  addendum,  so  that  when  two  gears 
have  llii'ir  pitch  circles  in  contact,  if  their  teeth  are  of  e(|ual  lengtli 
they  will  not  touch  bottom,  but  will  have  some  ck-arance.  The 
distance  from  the  cent(M-  of  one  tooth  to  the  center  of  the  next, 
measurt'<l  on  tlu^  pitch  circle,  as  (rll,  is  called  the  circular  pitch, 
or  circumferential  pitch,  and  is  equal  to  the  cii-ciinirci-iMici-  <,f  t],,- 
pitch  circle  divided  by  the  number  of  teeth. 

In  order  to  run  together,  two  gears  must  have  the  same  cir- 
cular pitch.  The  number  of  teeth  on  two  gears  of  the  same  pitch 
are  proportional  to  the  circumferences,  and,  consequently,  to  the 
diameters  of  their  pitch  circles;  and  as  the  speeds  of  the  two  shafts 


Fig.  09. 

which  are  connected  by  a  pair  of  gears  are  inversely  proportional 
to  the  diameters  of  the  ])itch  circles  of  the  gears,  the  speeds  must  also 
be  inversely  projK)rtional  to  tlie  number  of  teeth. 

On  rough  gears  the  width  of  the  tooth  ]-,]M  is  made  a  little 
less  than  the  width  of  the  S])ace  KL,  to  allow  for  irregularity  of 
construction.  The  difference  in  the  width  of  the  two  is  cnlltMl  ili.- 
back  hf.sh. 

Although  the  circular  pitch  is  a  term  which  is  frequently 
used  in  connection  with  gearing,  there  is  another  kind  of  ]iitch 
which  is  often  used.  This  is  the  diametral  pitch,  and  is  equal  to 
the  diameter  of  the  ])itch  circle  divided  by  the  number  of  teeth, 
or,  in  other  words,  the  amount  of  pitch  diameter  allowed  for  each 
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tootli.  The  diametral  pitch  l>ears  the  same  relation  to  the  circu- 
lar pitch  that  the  diameter  of  a  circle  bears  to  its  circumference; 
that  is,  the  diametral  pitch  is  equal  to  the  circular  pitch  divided 
by  TT.  In  speaking  of  the  pitch  of  a  gear,  instead  of  using  the 
diametral  pitch,  which  is  often  a  fraction,  it  is  customary  to  use 
only  the  denominator  of  the  fraction.  For  example,  if  the 
diametral  pitch  is  -1  inch,  it  would  be  spoken  of  as  a  2-pitch  gear. 
This  would  be  the  same  as  saying  that  for  every  inch  of  pitch 
diameter  there  are  two  teeth. 

Problems  similar  to  the  following  often  arise  in  this  connec- 
tion: 

1.  Given  two  gears,  4  pitch,  having  12  teeth  and  10  teeth 
respectively,  to  iiud  their  pitch  diameters  and  the  distance  apart 
that  their  centers  should  be  located,  to  run  properly. 

Since  they  are  4  pitch,  their  diametral  pitch  is  ^  inch  and 
their  pitch  diameters  will  be  their  numbers  of  teeth  multiplied  by 
^,  so  that  one  would  be  12  X  ^  =  3  inches  in  diameter,  and  the 
other  K)  X  J  =  4  inches  in  diameter.  The  distance  on  centers  will 
be  the  sum  of  their  pitch  radii  =  i  -\-  §  =  ^h  inches, 

2.  Given  two  gears,  8  pitch,  having  diameters  G  and  10 
inches  respectively,  to  find  the  number  of  teeth. 

The  expression  "  8  pitch,"  besides  meaning  that  the  diametral 
pitch  is  ^  inch,  means  that  there  are  8  teeth  for  every  inch  of 
diameter,  so  that  one  gear  will  have 

8  X    6  =  48  teeth 
and  the  other     8  X  10  =  80  teeth. 

Referrinti-  atmin  to  Fio-.  59:  If  gear  A  is  driving  the  other 
gear  in  the  direction  indicated,  there  is  a  working  point  of  contact 
between  the  teeth  of  the  two  gears  at  J  and  another  at  K,  and  as 
the  gears  turn  and  the  teeth  slide  along  each  other,  the  point  where 
a  pair  of  teeth  is  in  contact  changes.  If  from  the  point  of  contact, 
as  J,  a  line  is  drawn  to  the  pitch  P,  the  tooth  curves  should  have 
such  form  that  this  line  is  normal  to  both  curves  at  J;  that  is,  PJ 
should  be  ])erpendicular  to  a  line  drawn  tangent  to  both  curves  at 
J.  This  condition  should  hold,  wherever  the  point  of  contact  may 
be,  in  order  that  the  gears  may  run  smoothly. 

There  are  two  kinds  of  curves  -vj-hich  are  commonly  used  for 
the  outlines  of  gear  teeth,  and  which  fultill  the  above  conditions. 
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Tlieso  are  the  involute  and  tlie  epicycloidal  curves.  V'\ir.  00 
shows  a  pair  of  gears  witli  epicycloidal  teeth  and  Fig.  f»l  shows 
parts  of  two  gears  with  involute  teeth.  The  construction  for  get- 
ting the  tooth  outlines  is  shown  in  the  figures,  but  as  this  properly 
comes  under'  the  subject  of  drawing,  and  is  not  essential  to  an 
understanding  of  gears  in  general,  it  will  not  be  explained  here. 


Annular  Gears.  An  annular  gear  is  a  ring  with  teeth  on  its 
inside  edge.  Fig.  62  shows  such  a  gear  with  center  at  A,  mesh- 
ing with  a  small  spur  gear  called  the  pinion. 

Rack  and  Pinion.  A  rack  is  a  gear  whose  pitch  line  is  a 
straight  line  instead  of  a  circle.  Fig.  63  shows  an  epicycloidal 
rack  in  gear  with  a  pinion. 
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Bevel  Gears.  IVTien  two  shafts  whose  axes  intersect  are  to 
he  fuiinected  l)y  gears,  the  gears  commonly  used  are  called  bevel 
gears.  The  theoretically  correct  pitch  surface  of  a  bevel  gear  is  a 
])art  of  the  sector  of  a  sphere,  but  as  the  designing  and  making 
of  such  a  gear  is  somewhat  ditHcult,  a  coire  is  substituted  for  a 
sphere.     Fig.  ()4  shows  a  pair  of  bevel  gears  connecting  two  shafts 


Fiff.  64. 
which  are  at  right  angles.     O  is  the  })oint  where  the  center  lines 
of  the  shaft  intersect,  OPA  and  OPB  are  the  pitch  cones  of  the 
gears,  AP  and  BP  the  pitch  diameters. 

The  speed  of  the  shaft  S  is  to  the  speed  of  the  shaft  T  as  AP 
is  to  ]>P.  The  teeth  uiay  be  epicycloidal  or  involute,  and  the 
shafts  may  be  at  right  angles  or  at  some  other  angle. 

Trains  of  Wheels.  Thus  far  both  in  gearing  and  in  j)ulleys 
and  belts,  we  have  considered  only  one  })air  of  wheels,  one  being 
on  the  driving  shaft  and  the  other  on   the  driven  shaft.     It  very 
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often  liappens  that  the  connection  cannot  be  made  directly  by  one 
pair  of  wheels,  either  because  the  shafts  are  not  conveniently  placed 
with  relation  to  each  other,  or  because  the  diameters  cannot  be  so 
proportioned  as  to  give  the  desired  speed.  In  such  cases  the  con- 
nection may  be  made  by  a  train  of  pulleys  or  a  train  of  gears. 
Fig.  05  shows  a  train  of  pulleys,  and  Fig.  00  a  train  of  gears. 

In  Fig.  05  shaft  A  drives  shaft  B  by  means  of  pulleys  E  and 
F.  Bin  turn  drives  C  by  means  of  pulleys  G  and  II,  and  C  drives 
D  by  pulleys  J  and  K. 

Assume  shaft  A  to  make  100  R.  P.  M.  and  the  pulleys  of  the 
following  diameters: 

E  =  30  inches         G  ^  24  inches         J  =  20  inches 
F  =  12  inches         H  =  18  inches         K  ;=  10  inches, 

to  find  the  number  of  revolutionaof  shaft  D.  Applying  the  prin- 
ciples which  we  have  already  learned, 

R.  P.  M.  of  B        Diameter  of  E 


R.  P.  M.  of  A        Diameter  of  F 


or 


R.  p.  M.  of  B  =  R.  P.  M.  of  A  X  T- Tl^  =  100  X  U 

diam.  of  i^  ^  "^ 

In  like  manner  R.  P.  M.  of  C  =  R.  P.  M.  of  B  X  f  | 

=  100  X  If  X  fl, 

and  R.  P.  M.  of  D  =-  R.  P.  M.  of  C  X  |^ 

=  100  X  ff  X  ff  X  11 
=  800. 

It  will  be  noticed  that  pulleys  E,  G  and  J  are  drivers  and  F, 
H  and  K  are  driven  pulleys,  so  that  the  above  may  be  stated  thus: 

Revolutions  of  last  shaft  (or  last  wheel )  =  revolutions  of  first 
shaft  (^or  first  wheel)  multiplied  by  a  fraction  whose  numerator  is 
the  product  of  the  diameter  of  all  the  driving  pulleys,  and  whose 
denominator  is  the  product  of  the  diameters  of  all  the  driven 
pulleys.  (20) 

The  same  rule  will  'ipply  to  the  train  of  gears  in  Fig.  00,  if 
we  use  either  the  pitch  diameters  or  the  number  of  teeth  in  the 
respective  gears  where  diameters  are  used  instead  of  the  pulley 
diameters. 

In  Fig.  05,  where  all  the  belts  are  open   belts,  all  the  shafts 


368 


MECHANISM. 


01 


turn  in  the  same  direction;  but  where  two  shafts  are  connected  hy 
a  pair  of  spur  gears,  the  sliafts  turn  in  o[)posite  directions,  so  that, 
in  Fig.  66,  the  direction  in  which  shaft  1)  will  tnrn  with  reference 
to  the  direction  of  A,  will  depend  upon  the  number  of  gears  in  the 
train.  The  best  way  to  determine  this  is  to  follow  the  train 
through,  putting  arrows,  as  shown,  on  the  respective  shafts. 


Fig.  05. 

Idle  Gear.  In  Fig.  67,  gear  E  drives  gear  F,  and  F  drives 
G,  that  is,  F  is  both  a  driven  and  driving  gear.  Let  E  have  25 
teeth,  F  30  teeth,  and  G  50  teeth,  and  let  shaft  C  make  100  R.  P. 
M.     Then  fi'ora  the  rule  given  above, 

ll.P.M.of  A=100X||  X  li- 
In  this  equation  the  number  of  teeth  of  F  (30)  occurs  both  in 


Fiij.  60. 
the  numerator  and  denominator  of  the  fraction,  and  will  therefore 
cancel  each  other,  so  that  the  equation  becomes 

R.  P.  M.  of  A  =  100  X  f^ 

Therefore,  the  speed  of  A  depends  only  upon  the  number  of  teeth 
in  E  and  G.  Gear  F  is  called  an  idle  gear  or  idler.  It  should  be 
noticed,  however,  that  A  will  turn  in  the  opposite  direction  from 
what  it  would  if  G  geared  directly  with  E. 

In  any  train  of  wheels,  the  number  of  turns  of  the  last  wheel 
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(as  K  in  Figs.  65  and  66,  or  G  in  Fig.  67)  divided  by  the  number 
of  turns  of  the  first  wheel,  as  E,  is  called  value  of  the  train. 
Considering  this  statement  in  connection  with  formula  (20)  we 
have  the  following: — 

Product  of  teeth  of  all  drivers 

( 2 1 ) 

Product  of  teeth  of  all  driven  wheels.  ' 


Value  of  train  = 


This  value  will  be.  positive  or  negative,  that  is,  it  will  have  the 
alirebraic  siu-n  +  or  —  before  it,  accordincr  as  the  last  wheel  turns 
in  the  same  direction  as  the  first,  or  in  the  opposite  direction. 

Epicyclic  Trains.  In  Fig.  68  the  gear  B  is  loose  on  the  shaft 
H  and  driven  by  the  gear  E;  arm  A  is  keyed  to  the  shaft  II  so 
that  it  turns  when  the  shaft  turns.  Gears  C  and  D  are  carried  on 
studs  on  the  arm.      It  will  be  evident  that  if  B  and   II   are  caused 


Fig.  G7. 

to  turn  iiule])endently,  the  gear  D  will  have  a  diffeivnt  number  of 
turns  on  its  own  axis  from  what  it  would  if  A  were  Hxed  and  D 
were  driven  directly  through  the  train  BCD. 

In  the  following  formula,  the  value  of  the  train  is  the  ratio  of 
the  turns  of  D  to  the  turns  of  B  if  the  arm  were  fixed,  consider- 
ing B  the  first  wheel  and  D  the  last;  by  the  turns  of  B  and  D 
respectively  we  mean  the  actual  number  of  turns  they  make  when 
the  arm  is  in  motion.  The  formula  l)y  which  the  turns  of  A,  B, 
or  I)  can  be  found  is  as  follows, — 

Turns  of  last  wheel  —  turns  of  arm 

\  alue  of  train  =  ^ -^rr, — -. — , \ -. 1 (22) 

1  urns  ot  first  wuieel  —  turns  ot  arm  ' 

This  can  be  easily  ])roved,  but  the  j)r()oF  need  not  be  studied 
to  understand  the  use  of  the  fonmila.  In  applying  this,  the  proper 
algebraic  signs  must  be  given  to  the  value  of  the  train,  and  the 
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turns  of  the  arm:  That  is,  if  with  the  arm  fixed,  B  and  D  would 
turn  in  the  same  direction,  the  value  of  the  train  is  considered 
plus,  if  in  opposite  directions,  the  value  of  the  train  is  minus.  If 
the  arm  turns  in  the  same  direction  as  B,  the  turns  of  the  arm 
would  be  ])lus,  hut  if  in  the  opposite  direction  the  turns  of  the 
arm  would  be  minus,  so  that  the  formula  would  become, 

Turns  of  last  wheel  +  turns  of  arm 

Value  of  train  =  ff^ j-^] — - — r — -, — ; — : 2 

iurns  or  nrst  wheel  +  turns  or  arm 

That  is,  two  minus  signs  before  the  number  of  turns  of  arm  would 
make  it  plus.  This  may  be  more  clearly  understood  from  a  study 
of  the  following  problems: 

In  Fig.  68  let  B  have  75  teeth,  C  30  teeth  and  D  25  teeth, 
and  let  B  be  driven  by  E  at  a  speed  of  20  II.  P.  M.  right-handed, 


LOOSE   ON    SHAFT 


Fig.  68. 

while  A  is  driven  at  a  speed  of  2  R.  P.  M  left-handed,  to  lind  the 

number  of  R.  P.  M.  of  D  and  the  direction  in  which  it  will  turn. 

We  will  use  formula  (22).     The  value  of  the  train  will  be  found 

from  formula  (21). 

^^  ,    '  Teeth  of  B  X  Teeth  of  C 

^  alue  of  tram  =  Teeth  of  C  X  Teeth  of  D 

Value  of  train  =  -7|.  x  ff  =  3 

and  since  with  the  arm  fixed  B  and  D  would  turn  in  the  same 
direction,  the  value  of  the  train  will  be  plus.  Since  the  arm  A 
turns  in  the  opposite  direction  from  B,  its  number  of  turns  will 
have  a  minus  sio-n.     Then  substitutincr  the  formula  (22.) 

.  _  R.  P.  M.  of  D  —  (-2)  _  R.  P.  M.  of  D  +  2 


20-^-2) 


20  -T-  2 
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or 


whence 


3  X  22  =  E.  P.  M.  of  D  -f  2 
64  ==  R.  P.  M.  of  D 


f^a^i^ 


In  Fig.  69  the  ^ear  B,  the  arm  A,  and  the  annular  ^ear  D 

have  a  common  axis,  but  are 
arranged  to  turn  independ- 
ently of  each  other  about  this 
axis.  C  is  an  idle  wheel  con- 
necting B  Avith  the  annular 
gear  D  and  is  on  an  axis  car- 
ried by  A.  Let  B  have  30 
teeth,  C  45  teeth  and  D  120 
teeth,  and  let  B  be  caused  to 
have  125  R.  P.  M.  right- 
handed  and  arm  A  have  75 
R.  P.  :\r.  left-handed,  to  find 
the  number  of  turns  and  di- 
"'      ■  rectiou  of  motion  of  T>.    First 

find  the  value  of  the  train  if  A  were  fixed,  which  M'ould  be 

(30  X  45)     ^^ 
(45  X  120)       ^ 


Fig.  70. 
ttience  substituting  in  formula  (22j. 

^        Turns  of  D  —  (-75)        Turns  of  D  +  75 


125  —  [-lb) 
whence  turns  of  D  =  125 


200 


372 


MECHANISM. 


65 


that  is  D,  makes   125   K.  P.  ^f.  in  tlie  opposite  direction  from  that 
in  which  B  is  turnincr. 

In  Fit^.  70,  j/ears  H  and  D  have  a  common  axis,  B  is  fast  to 
the  frame  of  a  machine,  D  is  fast  to  the  shaft  S,  which  drives  the 
work  on  the  macliine,  A  is  a  disc  centered  on  the  hnh  which  sup- 
ports B,  and  driven  by  a  gear  (not  shown)  which  meshes  with  a 
gear  on  the  back  of  A.  C  is  a  gear  carried  on  the  stud  in  A.  The 
gear  B  corresponds  to  the  first  wheel  or  driver  of  an  epicyclic  train, 
A  to  the  arm,  C  is  an  idle  wheel,  and  D  is  the  last  wheel  of  the 
train.  B  has  one  tooth  more  than  1).  Let  B  have  35  teeth,  0  15 
teeth,  D  34  teeth,  and  let  A  make  one  turn  right-handed,  to  find 
the  speed  of  T)  and  the  direction  of  its  motion.  The  value  of  the 
train,  considering  A  fixed  and  B  the  driver,  is  |^.  Then  formula  (22j, 

35       Turns  of  D  —  1 
34"" 


0  —  1 

or  —  35  =  34  Turns  of  I) 
—  1    =  34  Turns  of  D 


34 


:    !c 


~7\ 


V 


Fig.  71. 


or  Turns  of  D  ^=  —  3^^ 


That  is,  for  one  turn  of  A  right-handed, 
with  B  fixed,  D  makes  giy  of  a  turn  left-handed. 

In  Fig.  71  is  shown  an  epicyclic  train  of  bevel  gears.  The 
shaft  S  carries  the  shaft  A  either  welded  to  it  or  clamped  on 
it  in  some  way.  Loose  on  S  are  the  bevel  gears  B  and  D,  held  in 
place  by  collars  (not  shown)  and  loose  on  A  is  the  bevel  C,  gear- 
ing with  each  of  the  others.  Fast  to  B  is  the  spur  gear  E,  which 
is  driven  from  some  source  of  power  not  shown.    S  is  driven  from 
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some  external  source  of  power,  thus  causing  the  arm  A  to  swing 
around.  Let  all  of  the  bevels  have  the  same  number  of  teeth,  and 
let  B  be  driven  at  a  speed  of  50  11.  P.  M.  right-handed,  and  S  at 
a  speed  of  25  R.  P.  M.  right-handed,  to  find  the  speed  and  direc- 
tion of  D.  Formula  (22)  applies  here  as  in  other  cases  which  we 
have  considered. 

The  value  of  the  train  =  —  1 

Turns  of  D  —  25 
Then  -  1  = ^^^126 

—  25  =  Turns  of  D  —  25. 
Therefore,  Turns  of  D  =  0. 
Again  let  B  turn  50  E.  P.  M.  right-handed,  to  find  the  direc- 
tion and   number  of  turns  of  A  in   order  that  D  shall  turn   25 
R.  P.  M.  left-handed. 

_  25  — Turns  of  A 
"~  50  —  Turns  of  A 

—  50  -f  Turns  of  A  =  —  25  —  Turns  of  A. 

Therefore,  Turns  of  A  =  12^  right-handed. 
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PRACTICAL  TEST  QUESTIONS. 

In  the  foregoing  sections  of  this  Cyclopedia 
numerous  ilhistrative  examples  are  worked  out  in 
detail  in  order  to  show  the  application  of  the  various 
methods  and  principles.  Accompanying  these  are 
examples  for  practice  which  will  aid  the  reader  in 
fixing  the  principles  in  mind. 

In  the  following  pages  are  given  a  large  number 
of  test  questions  and  problems  which  afford  a  valu- 
able means  of  testing  the  reader's  knowledge  of  the 
subjects  treated.  They  will  be  found  excellent  prac- 
tice for  those  preparing  for  College,  Ci^^l  Service,  or 
Engineer's  License.  In  some  cases  numerical  answers 
are  given  as  a  further  aid  in  this  work. 
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REVIKW    QUKSTIOXS 

ON    THE)    SOBaKCT    OW 

patter:n^  making. 

PART    I. 


1.     What  are  some  of  the  causes  of  \varpiii«:j  in  liiuilxT? 

2a.  When  is  metal  used  for  patterns? 

2b.   Why  is  metal  better  than  wood? 

B.     Why  should  plenty  of  oil  be  used  on  an  oil-stone? 

4.  Explain  with  sketch  the  method  used  in  casting  a  small 
hollow  cylinder. 

5.  For  what  parts  of  the  pattern  must  the  shrinkage  rule 
be  used? 

6.  Is  the  draft  always  the  same  on  all  parts  of  a  pattern? 

7.  What  is  the  usual  allowance  for  finish  on  small  castings? 

8.  When  must  a  greater  amount  be  allowed? 

9.  Under  what  conditions  will  a  seasoned  board  warp? 

10.  What  wood  is  most  commonly  used  in  pattern  making? 

11.  Explain  the  difference  in  the  manner  in  which  saws  cut 
when  ripping  and  when  crosscutting. 

12.  In  what  direction  should  the  grindstone  revolve  when 
grinding  scraping  tools  or  other  tools  having  a  short  bevel? 

13.  When  is  dry  parting  sand  used? 

14.  Should  a  shrinkage  rule  be  used  when  making  a  core  box? 

15.  Why    must     the    pattern    maker    know    something    of 
Mechanical  Drawing? 

16.  When  it  is  necessary  to  use  a  wide  piece  for  a  pattern, 
how  may  the  tendency  to  warp  be  counteracted?    Make  sketch 

17.  Explain  the  use  of  the  cap-iron  of  a  plane. 
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18.  What  portion  of  the  skew  chisel  does  the  cutting? 

19.  What  is  meant  by  shrinkage  in  pattern  making? 

20.  How  are  the  exact  proportions  of  shrinkage  obtained  for 
different  parts  of  the  pattern? 

21a.  What  is  the  usual  proportion  of  draft  to  each  twelve 
inches  of  surface  on  the  face  of  a  pattern  for  a  cast-iron  pulley? 

21h.  What  proportions  on  the  inside  of  the  rim  and  on  the 
hub? 

22.  When  is  it  necessary  to  use  mahogany,  cherry,  or  maple 
for  patterns? 

23.  What  is  lead  in  a  plane-iron,  and  Mhat  determines  the 
amount? 

24.  Explain  the  use  of  a  flask  in  moulding,  and  describe  the 
two  principal  parts. 

25.  What  allowance  must  be  made  on  the  pattern  for 
shrinkage  when  the  casting  is  made  of  iron? 

26.  Explain  what  is  meant  by  draft  in  pattern  making? 

27.  How  should  lumber  for  patterns  be  seasoned? 

28.  When  a  large  piece  is  to  be  used  for  turning,  should  it  be 
cut  from  a  plank  of  the  required  thickness  or  glued  up  out  of 
thinner  stock?     Give  reasons  for  answers. 

29.  Explain  the  methods  of  grinding  the  brad-awl  and  the 
advantaores  of  each  method. 

o 

30.  Explain  the  use  of  core  prints. 

31.  What  is  the  allowance  for  shrinkao-e  of  brass? 

32.  What  are  the  usual  allowances  for  draft? 

33.  What  is  meant  hj  finish  in  pattern  making? 

34.  When  gluing  uj)  pattern  stock,  how  is  the  pressure 
necessary  to  bring  the  glued  surfaces  in  close  contact  usually 
obtained^ 
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RE^TETS"  QT'KSTTOXS 

O^  THE  .STTUJECT  OF 

PATTERX  ^lATvIXG. 

PART   II. 


1.  What  ara  rapping  plates? 

2.  Descrilte  the  process  of  <i;luing  two  thin  pieces  havincr 
large  surfaces. 

3.  How  is  end  wood  treated  if  it  is  to  be  glued  to  other  wood? 

4.  Explain  why  the  upper  core  print  sometimes  has  excessive 
draft,  while  the  lower  has  but  little  draft. 

5.  What  are  fillets,  and  where  are  they  used  on  patterns? 

(5.  Give  the  dimensions  for  the  anus  of  a  six-arm  pulley  40 
inches  in  diameter  and  12.inch  face:  (a)  Width  and  thickness  at 
Jmb.     (b)  Width  and  thickness  at  rim. 

7.  The  pulley  mentioned  in  Question  6  is  to  be  fitted  to  a 
shaft  2^g-  inches  in  diameter,  (a)  AVliat  should  be  the  diameter  of 
the  bub?     (b  I  What  should  be  the  length  of  hul)? 

8.  What  is  a  follow  board,  and  when  is  its  n^e  necessary^ 

9.  A  pair  of  tight  and  loose  pulleys  12  inches  in  diameter 
4nd  6;^  inches  width  of  face,  are  to  be  fitted  to  a  1}  J^  inch  shaft. 
[sl)  Give  diameter  of  the  hub.     (b)  Give  length  of  hul). 

10.  AVhat  must  be  tiie  outside  diameter  of  theoritrinal  wooden 
pattern  for  the  rim  of  a  pulley  with  six  arms,  the  diameter  of  the 
finished  pulley  to  be  30  inches  and  the  width  of  face  U  inches? 

11.  (a)  In  the  above  pulley  what  should  be  the  width  and 
thickness  of  the  arms  at  the  rim?  (b)What  should  be  the  width 
and  thickness  of  the  arms  at  tUe  hub? 

12.  What  are  core  prints  and  when  do  they  form  a  necessary 
part  of  a  pattern? 

13.  How  are  the  two  parts  of  a  parted  pattern  held  together 
for  turning?     Give  two  methods. 
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14.  What  are  the  proportions  of  alcohol  and  sliellac  gum  for 
pattern  maker's  shellac  varnish  ? 

15.  Is  it  always  necessary  to  make  a  pattern  in  two  parts? 

16.  How  is  colored  shellac  varnish  made?  (a)  How  is  black 
made?     (b)  How  red? 

17.  Give  a  sketch,  including  all  dimensions,  of  the  pattern  for 
a  plain  brass  cylinder  which  is  to  be  finished  "all  over,"  the 
finished  sizes  being  6  inches  long,  4  inches  outside  diameter,  and 
\]h,  inches  inside  diameter.  All  shrinkage  rule  measurements, 
allow  TfV  inch  for  finish. 

18.  "What  is  a  core  box,  and  for  what  purpose  is  it  used? 

1^).  What  is  used  to  give  a  hard,  smooth  surface  to  a  com- 
pleted pattern? 

20.  What  color  should  be  used  for  the  inside  of  a  core  box? 

21.  How  can  the  pattern  for  a  small  hollow  cylinder  be 
moulded  if  made  in  one  piece,  (not  parted)  ? 

22.  Why  are  core  prints  shellaced  in  a  different  color  from  the 
body  of  the  pattern? 

23.  What  are  dowel  pins,  and  why  are  they  used  in  a  parted 
pattern? 

24.  How  long  a  time  should  each  coat  of  shellac  have  for  dry- 
ing  before  another  coat  is  applied? 

25.  Give  sketch  showing  shape  and  dimensions  of  core  box 
for  pattern  mentioned  in  Question  17. 

26.  It  is  required  to  make  the  pattern  for  a  five-arm  15-inch 
hand-wheel,  the  rim  and  hub  of  which  are  to  be  turned  and 
finished.  The  finished  diameter  of  the  round  rim  is  to  be  1^  inches, 
and  of  hub  2^  inches.  Allowing  -iV  inch  for  finish,  give  all  dimen- 
sions for  the  wooden  pattern,  including  width  and  thickness  of 
arms  at  the  rim  and  at  the  hub. 

27.  Give  a  sketch  and  all  dimensions  (sbrinkage  ride  measure- 
ments) of  the  pattern  for  a  cast-iron  cylinder  having  a  projecting 
flange,  on  each  end  (see  Fig.  149),  the  cylinder  to  be  bored  out  and 
finished  all  over,  the  finished  sizes  being  as  follows:  Length  8 
inches,  diameter  of  flanges  5|  inches,  thickness  of  flanges  |  inch, 
the  diameter  of  the  body  of  the  cylinder  outside  4  inches,  and 
inside  3^  inches,  allowing  ^  inch  for  finish. 

28.  Can  the  above  pattern  be  moulded  without  being  parted? 
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R  E  V I  K  W     Q  I J  E  S  T  I  O  J^  S 


ON      THE       StJBJKCT      OK 


F  O  U  N  D  R  \^     WORK 


PAR  T      I 


i.  Why  is  facing  used  on  a  mold? 

2.  AVhat  is  the  practical  way  to  test  the  temper  of  molding 
sand? 

3.  What  are  chaplets? 

4.  What  three  forms  of  gases  must  be  carried  off  by  venting? 

5.  What  is  a  skimming  gate? 

6.  What  are  the  properties  of  a  good  molding  sand? 

7.  When  making  a  large  core  what  provision  is  made  for  hand- 
ling it  after  baking? 

8.  How  should  a  deep  mold  of  heavy  section  be  gated? 

9.  How  are  molds  for  pulleys  usually  gated? 

10.  What  are  risers? 

11.  What  is  the  effect  on  the  casting  of  ramming  the  mold  too 
hard? 

12.  Name  two  means  used  to  support  the  sand  in  the  cope  of  a 
mold? 

13.  W^hat  are  the  common  forms  of  chaplets? 

14.  How  are  the  sides  of  deep  molds  vented  when  a  flask  is 
used? 

15.  What  is  the  upward  pressure  on  a  cope  where  the  exposed 
surface  is  2  feet  square  and  the  depth  10  inches? 

1().  ^Miy  is  blacking  used  on  a  core? 

17.  How  are  molds  secured  before  pouring? 

18.  What  are  o-ajjijers? 

10.  What  precautions  are  taken  in  venting  the  sides  and  botton\ 

of  work  which  is  bedded  in  the  floor? 

20.  Name  three  important  objects  sought  in  venting  a  mold. 
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21.  What  size  of  runner  is  good  on  bench  work? 

22.  What  is  the  oDJect  in  using  a  sand  match? 

23.  Where  are  gaggers  most  commonly  used? 

24.  What  precaution  is  taken  with  sand  coming  next  tlie  pattern  ? 

25.  W'hat  is  the  danger  resulting  from  too  soft  ramming? 

26.  How  are  bench  molds  vented? 

27.  How  does  a  skimming  gate  act  in  keeping  impurities  out  of  a 
mold? 

28.  How  should  thin  work  be  gated  ? 

29.  What  is  the  object  in  feeding  castings? 

30.  Why  is  hay  rope  used  on  loam  or  barrel  cores. 

31.  How  are  small  patterns  arranged  when  (juantities  of  the 
same  piece  must  be  put  up  by  hand? 

32.  What  operations  are  d(me  on  the  three  ordinary  classes  of 
molding  machines? 

33.  How  are  molding  machine  jjatterns  drawn? 

34.  How  is  the  vent  taken  from  the  ends  of  long  cores? 

35.  How  are  the  cores  for  pockets  or  deep  recesses  in  a  casting 
supported  in  a  mold? 

36.  Give  two  methods  of  coring  holes  through  a  casting  at  a 
level  below  the  joint  line. 

37.  How  are  cores  hung  in  the  cope? 

38.  How  may  a  warped  core  plate  be  used  for  baking  a  flat  core? 

39.  W  hat  are  the  advantages  of  using  a  machine  to  make  stock 
cores? 

40.  How  are  irregular  shaped  cores  like  port  cores  baked? 
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K  E  \'  I  j^:  \v    14  i;  K  S  T  i  O  M  s 


ON       'r  H  K       S  U  I*  J   K  O  T       OF" 


F  O  U  X  JJ  I>t  Y'     \\'  O  R  K 


PART    II 


Ic  What  is  meant  In-  the  sand  hottom  of  a  cupola?  How  is  it 
rormed? 

2.  How  many  thicknesses  of  fire  hrick  is  usually  placed  inside 
of  the  shell  of  a  cupola"'' 

3.  In  the  design  of  a  cupola,  what  bearing  should  the  class  «^f 
work  to  be  poured  have  on  the  height  at  which  the  tuyeres  should  be 
placed  above  the  bed? 

4.     What  are  some  of  the  precautions  necessary  in  pcniring  a 
mold  in  order  to  obtain  the  best  results? 

5.  Describe  the  operations  in  making  a  simple  loam  mold. 

6.  Having  35  per  cent  of  a  mixture  setded  upon,  with  a  silicon 
content  of  2.40  per  cent,  in  what  proportions  could  No.  1  and  No.  3 
irons  be  added,  with  silicon  2.65-1.75  per  cent  respectively,  so  that 
the  castings  should  contain  2.U0  per  cent  silicon?  Deduct  20  per  cent 
silicon  for  loss  in  cupola. 

7.  State  the  successive  steps  necessary  in  operating  a  cupola 
furnace. 

8.  How  should  the  bed  charge  for  a  new  cupola  be  determined? 

9.  What  regulates  the  amount  of  fuel  to  be  put  between  the 
charges  of  iron  in  a  cupola? 

10.  What  is  the  difference  between  the  shrinkage  of  steel  cast- 
ings and  that  of  iron? 

11.  What  are  some  of  the  methods  used  to  produce  sound  steel 
castings? 

12.  How  is  steel  poured?     What  precautions  ai:e  taken  to  pre- 
vent a  mold  for  steel  being  "cut"  bv  the  rush  of  the  metal? 
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13.  AVhat  precautions  are  taken  to  prevent  fracture  at  interior 
corners  on  steel  castings? 

14.  How  does  the  riser  on  a  steel  casting  differ  from  one  for 
iron? 

15.  What  kinds  of  flasks  are  generally  used  for  steel  molds? 
Why? 

IG.  What  process  are  the  larger  steel  castings  put  through  to 
relieve  internal  shrinkage  strains? 

17.  What  are  some  of  the  properties  of  brass  molding  sand? 

18.  In  what  order  are  the  metals  for  bronze  melted? 

10.     What  care  must  be  used  in  melting  and  mixing  brass? 

20.  What  is  the  highest  percentage  of  tin  that  may  be  mixed 
with  copper  and  form  a  serviceable  alloy? 

21.  What  are  the  usual  proportions  of  copper  and  zinc  in  yellow 
brass? 

22.  How  is  a  common  brass  furnace  constructed? 

23.  Why  must  copper  alloys  be  melted  without  access  of  oxygen? 

24.  What  is  the  best  modern  method  of  heating  and  ventilating 
a  foundry? 

25.  What  is  the  basis  of  Keeps  tests;  and  what  size  bar  is  used 
for  them? 

26.  AMiat  is  the  size  of  the  test  bar  or  "Arbitration  Bar"  so 
called,  recommended  by  the  American  Foundrymens'  Association; 
and  how  is  it  poured? 

27.  ^^^lat  is  the  advantage  of  overhead  traveling  cranes  over 
jib  cranes? 

28.  Where  should  the  blower  be  placed  in  relation  to  the  cupola? 

29.  AVhat  is  the  advantage  of  having  the  coke  and  iron  storage 
on  a  level  with  the  charging  platform  of  the  cupola? 

30.  How  are  floors  for  light  work  supplied  with  iron  when  at  a 
distance  from  the  cupola? 

31.  Where  should  the  sand  mixers  be  placed  relative  to  the  sand 
storage  bins? 

32.  What  points  should  be  considered  in  locating  the  foreman's 
office? 

33.  In  an  8  ton  heat  the  first  metal  came  down  at  2:30  o'clock^ 
the  bottom  was  dropped  at  4 :15  o'clock.  What  was  the  rate  of  melting 
for  that  heat?     (Divide  tons  bv  time  in  hours). 
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ON     THE     S  TT  K  .1  E  O  T     <  J  K 


M  E  C  II  ^V  X  I  S  M 


1.  All  engine  makes  280  revolutions  per  minute.  If  the 
stroke  is  10  inches,  what  is  the  linear  velocity  of  the  crank  pin  in 
feet  per  second? 

2.  The  pitch  of  a  jack  screw  is  ^  inch.  The  length  of  the 
bar  is  4  feet.  What  weight  can  be  lifted  if  the  force  applied  at 
the  end  of  the  bar  is  148  pounds? 

3.  A  worm  of  double  thread  meshes  with  a  worm  wheel 
having  64  teeth.  How  many  revolutions  per  minute  must  the 
worm  have  to  turn  the  wheel  2  times  per  minute?    . 

4.  A  lever  safety  valve  has  a  lever  30  inches  long.  The 
weight  hung  on  the  end  weighs  24  pounds.  If  the  valve  is  4i 
inches  from  the  fulcrum  and  has  an  area  of  3^  square  inches,  at 
what  pressure  per  square  incli  will  it  blow  off? 

Neglect  weight  of  valve,  spindle  and  lever. 

5.  Define  circular  pitch.      Diametral  pitch. 

6.  If  a  gear  has  20  teeth  and  it  is  G  pitch,  how  far  will 
the  rack  move  in  2i  revolutions  of  the  gear? 

7.  Find  the  piston  speed  in  feet  per  minute  of  an  engine 
making  5.4  revolutions  per  second,  the  stroke  being  18  inches. 

8.  Two  gears  mesh  with  each  other.  They  are  8  pitch. 
If  they  have  40  teeth  and  G8  teeth,  respectively,  what  are  the 
diaiiieters  and  how  far  apart  should  the  centers  of  the  shafts  be 
placed? 

9.  The  pitch  circle  of  an  annular  gear  is  36  inches  in  diam- 
eter. The  spur  gear  meshing  with  it  is  8  pitch  and  has  24 
teeth.  How  many  revolutions  must  the  spur  gear  make  to  turu 
the  annular  gear  13  times  per  minute? 
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10.  A  lever  is  26  inches  long.  A  weight  of  20  pounds  is 
hung  on  one  end.  The  distance  of  this  weight  from  the  fulcrum 
is  11  inches.  Wliat  power  will  be  necessary  to  raise  the  weight 
if  the  distance  from  the  fulcrum  to  the  power  is  15  inches  ? 

11.  Describe  the  Whitworth  quick-return  motion. 

12.  A  worm  of  single  thread  is  in  mesh  with  a  worm  wheel 
havino"  36  teeth.  A  crank  of  16  inches  radius  is  attached  to  the 
worm  and  a  drum  10  inches  in  diameter  is  fastened  to  the  worm 
wheel.     How  fast  will  the  weight  rise  if  the  crank  is  turned  40 

o 

times  per  minute? 

13.  Suppose  the  press  shown  in  Fig.  32,  page  31,  has  a  hand 
wheel  16  inches  in  diameter.  The  pitch  Y  =  ^  inch  and  pitch  j) 
=  ^  inch.  If  80,000  pounds  pressure  is  to  be  exerted,  what  force 
must  be  applied  to  the  hand  wheel  ? 

14.  Describe  some  form  of  friction  clutch. 


1000  R. 


15.  In  the  train  of  gears  shown,  A  is  attached  to  the  shaft 
of  a  motor  and  makes  1,000  revolutions  per  minute.  How  many 
revolutions  per  minute  will  gear  D  make? 

16.  If  the  linear  velocity  of  the  rim  of  a  fly  wheel  is  limited 
to  a  mile  a  minute,  how  many  revolutions  are  allowable  if  the  fly 
wheel  is  7^  feet  in  diameter? 

17.  A  locomotive  is  running  at  the  rate  of  50  miles  per  hour. 
The  drivers  are  6  feet  in  diameter  and  the  linear  velocity  of  the 
crank  pin  is  24.44  feet  per  second.     What  is  the  length  of  stroke? 

Note.    The  stroke=the  diameter  of  crank-pin  circle. 

18.  What  is  the  pitch  of  a  screw  that  advances  3  inches  in 
24  revolutions? 

19.  What  weight  can  be  raised  by -the  device  described  in 
question  12  if  the  force  a]>plied  to  the  crank  is  110  pounds? 
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poujre 

skew  chisel 
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pulleys 

331 

gear  wheel  patterns 

revohing  Ixxlies 

316 

glofje  valve 

screws 

333 

gluing 

Mechanisms,  discormecting  and  reversing 

331 

grindstones 

Melting,  principles  of 

253 

hand  screws 

yote — For  page  numbers  see  foot  of  pages. 

Page 
2:i8 
268 

235 
233 
266 
179 

63 
170 
212 
157 
160 
162 
157 
182 
163 
311 
311 
313 
312 
342 
342 
357 
342 


48 


266 
65,  162 

11 

17 

11-152 

91 

127 

117 

114 

74 

81 

137 

131 

88 

50 

90 


388 


IV 


INDEX 


Page 


Pattern  making 
lathes 

materials  for  patterns 
metal  patterns' 
moulding 
oil  stones 
pil)e  connections 
pliuiing  machines 
rapping  plates 
rules 

sawing  machines 
shrinkage 
simple  patterns 
tools 
Patterns 

bevel  gear 
built  up 
column 
from  drawings 
linishing 
gear  wheel 
gluing 

materials  for 
met  al 
moulding 
simple 
Phosplior  l)ronze  mixtures 
Phosphorus 
Pipe  connections 
Pitch  circles 
Pitch  diameters 
Planes 
block 
circular 
core-box 
iron 
jack 
jointer 
rabl)et 

round  antl  hollow 
router 
scrub 
smooth 
spoke-shave 
Planing  machines 
Plate  cams 
Pouring  a  mold 
Pressure  in  molds 
Note — For  page  n  umbers  see  foot  of  pages 


51 
12 

110 
63 
48 

119 
60 

110 
46 
56 


147 
01 
150 
71 
81 
137 
88 
12 
110 
63 
77 
275 
274 
119 
360 
360 
23 
26 
27 
29 
23 
26 
26 
27 
28 
30 
27 
26 
30 
60 
343 
247 
179 


Quick  return  motion 


R 


Rabl3et  plane 

Rack  and  pinion 
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